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ALBUMIN AND TRANSFERRIN METABOLISM IN 
INE EOI OUD S AN D@TO2I1G DISEASES 
By S. JARNUM anv N, A. LASSEN 


from the Department of Medicine B and of Clinical Biochemistry, 


Bispebjerg Hospital, Copenhagen, Denmark. 


(Received for publication December 1, 1960) 


The concentration of the plasma proteins 
changes in acute and chronic diseases which 
influence the organism as a whole. The in- 
creased sedimentation rate of the erythro- 
cytes, reflecting one aspect of these changes, 
has been known for a number of years and 
remains one of our best clinical indicators of 
the degree of the reaction of the organism 
against disease. The increased sedimentation 
Tate is an entirely unspecific phenomenon 
giving no indication of the nature of the 
disease process. In some cases the disease 
process is infectious while in other, e.g. 
patients with malignant tumors, nothing pre- 
‘cise is known regarding the mechanism of 
the change in plasma protein concentrations. 
In such cases it is customary to talk of a 
‘toxic condition in the sense that signs of a 
general body reaction to disease are found. 
In cases of malignant tumors one could 
postulate that a toxin from the tumor 


mediated this reaction but the existence of 
such tumor toxin is entirely speculative. 

The following changes of the concentra- 
tions of plasmaproteins are characteristic of 
the infectious and toxic diseases. An in- 
creased concentration of fibrinogen and sev- 
eral globulin fractions, a, and a, globulins 
especially in the more chronic and active 
syndromes, /, and y-globulins especially in 
the more chronic less active syndromes. The 
albumin concentration is reduced as is also 
the concentration of the iron binding protein 
transferrin as evidenced by a reduction of the 
total iron binding capacity of plasma (Lau- 
rell, 1947). Since transferrin is a 6, globulin 
comprising normally about half of the @, 
globulins in serum it is noteworthy that the 
Bb, fraction is the only globulin fraction pre- 
sent in subnormal amount in infectious and 
toxic diseases. 

The purpose of this communication is to 
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Table I. Clinical data in 15 patients with infectious and toxic diseases and in 
17 control observations. i 


Age | Height | TIBC! 

Case | Sex) Vr. | = | ke /100 1 
K.H é 62 163 43 Chr. polyarthr. 294 
H.P. 9 6g 157 57 Chr. polyarthr. 185 
E.H. ) 67 1a2 63 Chr. polyarthr. 268 
K.K. 9 68 159 59 Chr. pyelonefr. 250 
MEE fo) 69 155 62 Chr. pyelonefr. 191 
C.M. 3 64 164 40 Chr. bronchitis 236 
T.P. 2 33 157 50 Adenitis tub. 276 
AV. ) 68 167 60 Chr. Cholecyst. 198 
K.B. Q 43 165 53 Pneumonia 58 | ++ 34 73 212 
G.P. Q 41 149 41 Lup. eryth. diss. 105 | (+) 34 50 227 
E.B. Q 54 159 60 Erythema nodos. 88 | (+) 38 43 222 
H.R. rs) 51 175 79 Coronary occl. 65 — 41 40 256 
TP fe) 63 155 63 Myelomatosis 134 —_ 36 54 224 
AS. é 70 167 57 C. pulmonis 
E.R. é 71 163 71 C. pleurae 


HJ. 4 CONTROL gy a 46 104 295 
V.T. 3 CONTROL 21 oe 47 88 310 
M.V. | 2 CONTROL shies 43 102 283 
H.S. 3 CONTROL 120) “ee 43 94 294 
W.P. | o CONTROL 36" pe 35 88 336 
CJ. 3 CONTROL ia or 43 109 352 
H.E.J.| 3 CONTROL A ee 46 138 364 
J.A. él 49 178 84 CONTROL 16° 4953 44 86 282 
ER.. | @ | 60 165 59 CONTROL VE Ne 46 107 321 
Tere Ss 4 167 62 CONTROL, 7 A 43 109 352 
JP. a |. 54 182 80 CONTROL ee 50 84 358 
S.P. & 4 61 172 74 CONTROL il ee 40 ae aa 
B.J. A Viale 9. 163 51 CONTROL | 7 48 — = 
Ores L727 178 66 CONTROL 2 ae 40 = = 
F. ela’ Si) 170 62 CONTROL a 39 = — 
NA. | 6} 23 172 67 CONTROL ee 40 — = 
E.M. | o | 42 162 54 CONTROL See 41 a = 
Mean | | | | 11 | | 43.2 | 101 | 322 
No of 
cases | | | 16 17 11 11 
S.D. 9 | 3.8 16 | 31 


1) Erythrocyte sedimentation rate. 
2) ++ : about 39° (. +: about 38° C, (+) about 375 (€; -~—: no fever. 


8) Total iron binding capacity of serum. 
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resent and discuss data regarding the meta- 
olism of albumin and transferrin labelled 
vith radioactive iodine in infectious and 
oxic diseases in an attempt to elucidate the 
nechanism of the low plasma concentrations 
Mf both proteins. 


METHODS 


32 hospitalized subjects were studied, the diag- 
yoses and some clinical data are given in Table I. 
5 suffered from various infectious or toxic diseases 
ind they all had low serum albumin and serum 
ransferrin concentrations. 11 of these patients had 
nfectious or infectious-like diseases. 3 had chronic 
olyarthritis, 2 chronic pyelonephritis, while 6 suf- 
ered from chronic bronchitis, tuberculous adenitis, 
shronic cholecystitis, acute severe pneumonia, disse- 
ninated lupus in active phase, and erythema nodo- 
sum respectively. Toxic disease states were pre- 
sent in 4 patients with the following clinical con- 
ditions : acute very severe coronary thrombosis with 
a protracted clinical course, myelomatosis, pulmo- 
Mary neoplasma, and malignant pleural effusion. 

Chronic liver disease was not present in any of 
the patients with infectious-toxic diseases. In some 
of the more acute- disease states moderate abnor- 
malities of laboratory tests of the liver function 
were noted, but only one patient had distinct clinical 
signs of a transient acute liver dysfunction as mani- 
fested' by a slight degree of jaundice lasting about 
one week. This patient was the one suffering from 
a severe pneumonia caused by staphyloccoccus 
aureus. The patient was critically ill for many days 
and was the only one who had a high fever during 
the period of study. 

The serum protein fractions determined by paper 
electrophoresis showed the characteristic changes 
of acute and chronic disease conditions mentioned 
in the introduction. 

When selecting the patients special attention was 
paid to the degree of steady-state of the disease 
Process, the stability of the erythrocyte sedimenta- 
tion rate and the serum protein fractions used as an 
index of the steadiness of the disease state. 

17 control subjects were also studied. These con- 
trols were just as the patients confined to bed dur- 


‘ 
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ing the study. They did not suffer from diseases 
affecting the plasma proteins. 8 suffered from dys- 
pepsia or peptic ulceration (V.T., H.S., C.J., H.EJ., 
H.T., B.J., 0.0., and N.A.); 4 had muscular pains 
or vertebral disc disease (J.A., F., E.M., and J.P.) ; 
4 had chronic arteriosclerotic heart or brain dis- 
orders (H.J., M.V., S.P., and H.R.) ; 1 had arthro- 
sis of the hip joint due to congenital hip luxation 
(W.P.). This last mentioned patient was the only 
of the control subjects who had a moderate eleva- 
tion of the erythrocyte sedimentation rate, the cause 
of which was not detected. This 73-years old woman 
weighing only 36 kg was included in the control 
series as were also other elderly and frail subjects 
since it was considered desirable to compare the 
patients with infectious-toxic diseases with subjects 
of similar age and general constitution and not only 
to young healthy subjects. 

The serum iron concentration in pg per 100 ml 
serum was measured spectrophotometrically using 
o-phenantroline as described by Heilmeyer & Ploet- 
ner (1937). The total iron-binding capacity in pg 
per 100 ml serum was measured according to the 
principles described by Laurell (1947) by incubating 
serum at pH 7.5 for 5 minutes with ferric ions added 
in excess of the iron-binding capacity, filtering the 
serum through a column of aluminum hydroxide, 
and determining the iron concentration of the 
effluent plasma. The serum transferrin concentra- 
tion in g/100 ml of serum was calculated by multi- 
plying the total iron-binding capacity by a factor 
of 0.0008 (Koechlin 1952). This indirect method of 
transferrin analysis (cf. Laurell 1947) was con 
sidered to be reliable since no cases of severe acute 
hepatic failure were included in the present series. 
The total serum protein concentration was meas- 
ured in g per 100 ml using a Kjeldahl technique 
and the concentration of albumin and the various 
globulin fractions was obtained by multiplying this 
value by the factors indicating their relative distri- 
bution as determined by paper electrophoresis 
(Laurell, Laurell & Skoog, 1956). 

Electrophoretically pure preparations of human 
albumin! and transferrin? were labelled with I? 
according to the technique of Veall, Pearson & 


i State Serum Institute, Copenhagen, Denmark. 
® Behring Werke, Marburg, W. Germany. 
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Hanley (1955). The iodination procedure did not 
add more than one iodine atom per protein molecule. 
The albumin was iodinated at alkaline pH and non- 
protein-bound I43! was removed by passage through 
- anion exchange resin column, The transferrin was 
iodinated at pH 7.4 in a 1/15 phosphate buffer and 
non-protein-bound I'%4 was removed by dialysis. 
The I4-albumin and transferrin preparation used 
contained more than 98 per cent of the radioactivity 
bound to protein. 

The labelling procedure did not change the elec- 
trophoretic mobility of the two proteins and the 
iron-binding capacity of the transferrin was also 
unchanged being before as well as after the proce- 
dure about 80 percent of that found for pure re- 
crystallized transferrin by Koechlin (1.25 ug Fe 
per mg transferrin). 

The distribution and elimination of the labelled 
proteins in the patients were studied by measuring 
the plasma concentration and urinary excretion of 
radioactivity for 8 to 10 days following the intra- 
venous injection of a known amount of radioactivity 
(about 20 «C per study). When both proteins were 
studied in the same subject transferrin was studied 
before albumin. 

The intravascular volume of distribution (plasma 
volume) in liters per 1.73 m2? surface area was 
taken as 0.98 times the volume of distribution cal- 
culated from the plasma sample taken 15 minutes 
after injection of the labelled material after correc- 
tion for the surface area estimated from weight and 
height using the monogram of Dubois & Dubois 
(1915). The intravascular pool of protein in grams 
(per 1.73 m?) was calculated by multiplying the 
plasma volume by the plasma concentration. The 
total pool of protein in grams (per 1.73 m2?) was 
calculated by multiplying the intravascular pool by 
1/F. F denoting the fraction of exchangeable pro- 
tein located intravascularly and calculated as. de- 
scribed by Pearson, Veal & Vetter (1958). 

The turnover of the proteins was calculated from 
the observed elimination of radioactivity from the 
plasma and the excretion in the urine. Two relative 
measures of the turnover were obtained: the frac- 
tional turnover (4) and the metabolic clearance. 
4 was calculated as described by Pearson et al. 
(1958) and is the percentage of the intravascular 
radioactivity excreted in the urine per day. It is 
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taken to indicate the amount of proteim turned o 
(synthesized and broken down) per 24 hours « 
pressed in per cent of the intravascular protein pc 
The metabolic clearance in ml per 24 hours ( 
1.73 m2) was obtained by multiplying the plas 
volume by 1/100 x 4. This is identical to sim 
dividing the urinary excretion of radioactivity - 
24 hours by the average plasma concentration 
radioactivity of that day and correcting for be 
surface, t. e. the conventional method of calculat 
clearances in kidney function studies. The metahc 
clearance denotes the volume of plasma in wh 
the daily amount of protein turned over is contain 
The absolute turnover of the protein in grams 
24 hours (per 1.73 m?) was obtained by multiply 
the clearance value and the protein concentrat 
of the plasma. 

In four studies of albumin metabolism, errors 
urinary collection necessitated calculating and 
from the plasma disappearance curve alone, us 
the equations of Matthews (1957). Extensive 
perience with labelled albumin in this laborat 
has shown that this method of calculation g1 
close agreement with calculation on the basis 
both plasma and urine measurements. In three cé 
the exact amount of transferrin injected was 
observed and the studies were calculated using 
subsequently determined plasma volumes from 
albumin-I13! study. 


RESULTS 


Distribution of albumin and transferrin 
(Table IT). 

The serum concentrations of both prot 
were subnormal in the patients with 
fectious-toxic diseases. Thus, on the avers 
a 26 per cent reduction was found for 
plasma concentrations of both albumin 


_transferrin. The intravascular space was 


same for both proteins but slightly lai 
spaces were found in the patients with 
fectious-toxic diseases than in the contt 

The intravascular pools were reducec 
the infectious-toxic conditions. That for 
bumin was reduced from an average 
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Table II. Albumin and transferrin distribution in 15 patients with infectious and 


toxic diseases and in 17 control observations. 
ee ee 


Distribution of albumin Distribution of transferin 


Pool i.v. Pool 


Case | Serum i.vasc. . one 1 Serum |. aes 
ine cpa L.vasc. | % 1.v. tota pee ee iv. space} per | %1i.v.| total per 
g/100 ml | 1/1.73 m2 per1.73m° (F) 173 nt 2/100 ml 1/173: m2 | 1-73im2|" CE) (gisyiavt 
g& g g g 


K.H 3.42 3.41 117 | 38° | 308 235" PP egzonen| Con eas Gos 
mp. | 235 3.26 Thc hcnBGuol'h 214 O448 lh 3.44). h/5doede 52 98 
EH. | 3.48 3.06 107 | 42 | © 954 6.214 | 3.06") 6.5 12481, 136 
RK | 273 2.90 79"! 368/220" "4 79:200"| 2B0% | 5i6 Ml aon ae 
i. 2.45 3.06 793 | 53 | 1442 0.153 | 3.06%*| 4.7 | 39 9.0 
CM. | 282 2.65 75 | 34 | 220 O19.) 272 | 82. Nas | das 
mp. | 3.32 2.96 | 98 | 48"| 205 0.229 | 302 1 Fa ogee! 468 
AS. 3.00 2iidaih, aGa eb saborde OSS o1s9 | 294 | 47 | 42 | 11.1 
KB. * ads tare a a Ge 0470 | 3.54 | 60 | 45 | 133 
Gp. | 279 | 2.69 75 | 42° ("179 0.182 | 3.36 2 45 | 136 
EB. 3.20 269 86 | 44 | 196 0.178.|..349 1) 5.7 | 47 4 198 
HR. ie a or aap nw 2 se 0.205-| 306 | 63 | 48 |. 130 
ye. 2.91 2.78 ele ia ae ee 0179 | 278 | 50 | 44 | 4123 
AS. 2.01 3.65 73 0h dow.) (183 G53 44. iaiseh ates Siglo asueeectans 
ER ye xa ran ie = x 0.217; 269 ‘| 58 144 1 143 
| 


2.87 


No of 
cases 12 12 12 
$.D 0.45 0.42 14.4 


WO NINI AAW ANN 
PUNnNWUATP AH Wd 


| 
5 A lee 


OpMa rE ToOsmEe<m 
Soe ae hoe ae 
— 


: 3.48 3.35 7S a; ame 

; 4.75 Pai 2 = Ba at 

O. 4.07 3.18 = a4 os 
ie 3.80 3.18 cad a - 
N.A. 4.28 2.60 = rr = 
E.M. 4.18 2.66 ce a f= 


112.2 | 39.9 


12 12 12 
11.6 4.4 32 


* calculated according to Matthews (1957). 
** transferrin «spacey not measured but taken to be the same as the albumin «space». 
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112.2 g per 1.73 m? to an average 86.3 g per 
1.73 m?, a reduction of 23 percent which was 
statistically highly significant (p< 0.001). 
For transferrin the average intravascular 
pool was 7.0g per 1.73 m? in the controls 
and 5.9 in the patients, a reduction of 16 per 
cent which also was statistically significant 
(p < 0.05). Since the intravascular pools of 
both proteins made up about 40 percent of 
the total pools in both groups, the total ex- 
changeable pools were also reduced in the 
patients with infectious-toxic diseases. It 
follows from this observation that the tran- 
sition from a normal state to disease brings 
about a temporary imbalance where the rates 
of breakdown of the two proteins are rela- 
tively higher than the rates of synthesis. 
Conversely, during recovery an accumulation 
of the proteins takes place, synthesis tem- 
porarily exceeding breakdown. 


Turnover of albumin and transferrin 


(Table II). 


Cumparing the turnover data for albumin 
to those of transferrin, it was found that in 
normal man as well as in infectious-toxic 
diseases the relative turnover rates (A and 
clearance) were about twice as high for 
transferrin as for albumin. The results ob- 
tained in a normal man studied with both 
proteins are shown in Fig. 1 demonstrating 
the more rapid disappearance of [131- 
transferrin than of I!%!-albumin. A  signi- 
ficant correlation existed in the individual 
patient between the relative turnover rates 
of albumin and transferrin (Fig. 2). In the 
groups as a whole as well as in the individual 
patient transferrin had a relative turnover 
rate about double that of albumin. Since the 
serum concentrations of albumin were almost 
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20 times higher than the transferrin concer 
tration it follows that the absolute turnove 
rate was almost 10 times higher for albumi 
than for transferrin. Thus on the average i 
normal man about 10g albumin and onl 
1.3 g transferrin are synthesized and broke 
down per 24 hours and per 1.73 squat 
meters body surface. 

Comparing the infectious-toxic diseas 
states to normal controls with respect 1 
turnover rates of the two proteins it we 
found that the relative turnover rates (A an 
clearance) were distinctly above normal 1 
many of the patients (Fig. 2). Other patien 
had normal A and clearance. A definite rel 
tion seemed to exist between the relatiz 
turnover rates and the disease activity: hig 
values were found in coronary thrombos 
(H.R.), pneumonia (K.B.), disseminate 
erythematous lupus in acute exacerbatic 
(G.P.), a case of severe chronic pyelonephr 
tis in a febrile state who died one month lat 
of the infection — not of uremia (K.K. 
chronic polyarthritis in active phase wi 
fever and during treatment with organ 
gold compound (H.P.), advanced neoplast 
disease (J.P., A.S., and E.R), . Norm 
values were found in the patients who 
diseases were in a less active state. Thus, tl 
patients with erythema nodosum (E.B. 
turberculous adenitis (T.P.), and chron 
cholecystitis (A.S.) were studied recoverii 
from only moderately severe disease stat 
while 4 remaining patients (C.M., K.F 
H.E., and I.J.) had typically chronic disea 
states with no obvious acute exacerbatiot 


The absolute turnover rates of the ty 
proteins in patients and controls are shoy 
graphically in Fig. 3 plotted against t 
serum concentrations. The serum concentt 
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Table Ill. Albumin and transferrin turnover in 15 patients with infec- 
tious and toxic diseases and in 17 control observations. 


Turnover of albumin ° Turnover of transferrin 


Case | o, . iv Clearance Absolute Clearance Absolute 
% ool | Per 1.73 m* | per 1.73 m? per 1.73 m2 | per 1.73 m2 
: g/day ml/day g/day 


K.H. 9:2 314 10.7 1952, 752 1.8 
H.-P. 10.4 339 8.0 Pikes 932 1.4 
EH. 6.2 190 6.6 7: a32 1.1 
K.K. 1 0* 345 9.4 28.1 788 1.6 
1. 7.8 238 5.8 18.5 565 0.9 
C.M. 10.5 278 7.8 20.2 550 1.0 
EP: 11:9* 352 WIG 21.2 684 1.6 
ACS: 6.0 185 5.6 18.3 538 0.9 
K.B. — — — 26.4 933 1.6 
GP. 1229) 347 Oe 28.2 948 7 
E.B. 25 250 8.0 17.1 545 1.0 
ER. — — — 31.4 960 2.0 
ype 12.5 348 10.1 23.7 658 12 
A.S’ 20* 328 6.6 231 820 1.3 
E.R. — —_— — Da 677 ES: 


eye ted 220 9.3 14.4 436 1.0 
Agen De 9.2 341 1322 ileal By/S) 1.4 
M.V. Th 214 7.8 24e2. 572 13 
le loss 10.1 284 9.9 19.8 638 1.5 
W.P 9.1* 218 ed | 17.7 425 11 
Cys 7.9 222, Ted 19.8 501 ils 
H.E.J. — — — 19.8 445 1.3 
J.A. — — — 19.6 545 122 
ER: — — — 20.1 591 1S 
ET — —_— — 14.9 394 1 
ie — — — 17.6 496 1.4 
SE. 10.0 335 Pe 7 — — — 
BJ. | 11.0 233 111 Me eS as 
0.0. 9.5 302 1°3 — —_ —_ 
F. 8.9 383 10.8 — — — 
N.A. 11.2 291 12.4 — — — 
E.M. 8.7 231 9.7 — — — 
Mean | 9.3 | 265 10.3 | 18.4 | Sil | 1.26 
No of 
cases 12 12 12 11 | ila) | 11 
S.D. 0.9 | 47 2.0 22 79 0.19 


* calculated according to Matthews (1957). 
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Fig. 1. I3!-albumin and -transferrin plasma concen- 
trations in a normal subject (H.S., 42 years). 


tions are subnormal but the turnover rates 
are in most cases normal or even higher than 
normal. The highest transferrin turnover 
value was 2.0 g per day which is significantly 
different from the control values (p < 0.01). 
This value was found in subject (H.R.) who 
suffered from a coronary thrombosis of one 
week’s duration. 4 patients had low turnover 
values. These 4 patients all belonged to the 
group of clinically less active disease states 
mentioned above. 


DISCUSSION 


The distribution and elimination of [131- 
labelled albumin has been studied extensively 
in man and direct experimental evidence in- 
dicates that the metabolism of the in vitro 
labelled material equals that of the genuine 
protein when employing an appropriate tech- 
nique as shown by Mc Farlane (1957). Asa 
precaution against systematical errors we al- 
ways used each individual batch of J[431- 
albumin (and also of I‘%1!-transferrin) on 
several subjects including normal controls as 
well as patients with infectious-toxic diseases. 
The findings in the normal subjects of a total 


pool of exchangeable albumin of 265 gral 
(per 1.73 m?) and‘a daily turnover of I( 
grams (per 1.73 m?) are in good agreeme 
with the results of other investigators (Be 
son, Yalow, Schreiber & Post, 1953) a 
with previous experience in this laborato 
(Jarnum & Schwartz, 1960). 

Regarding the [4%1-transferrin studies 


of iv. transferrin 


o INFECT. TOXIC CASES 
x NORMAL CONTROLS 


RELATIVE TRANSFERRIN TURNOVER in % per dag 


(a) 5 10 


RELATIVE ALBUMIN TURNOVER in % per da} 
of iv. albumin 
Fig. 2. The relative turmover rate Q) of albu 
and transferrin. 
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Fig. 3. Albumin and transferrin turnover in infectious and 


toxic diseases (©) and in normal controls (x). 


eems reasonable to assume that the iodina- 
ion caused no significant denaturation of 
his protein since the labelling procedure 
ised was even less drastic than that used for 
Ibumin. Moreover, the electrophoretic and 
ellulose column chromatographic mobility 
f the protein was unaffected by the labelling. 
“he iron-binding capacity was also unalter- 
d following iodination but it must be empha- 
ized that this capacity was only 80 per cent 
f that reported in the literature for recry- 
tallized transferrin (Koechlin, 1952). Thus, 
_moderate systematic error may affect the 
fansferrin studies since about 20 percent of 
he protein labelled was non-transferrin /, 
Jobulins, proteins which may differ from 
ransferrin with respect to distribution and 
urnover. 

On the basis of the above considerations 
ve conclude that the I1%1!-transferrin studies 
robably reflect reasonably well the meta- 
olism of the genuine unlabelled transferrin. 


7 


Only one report has so far been published 
on the metabolism of labelled transferrin in 
man. This report, by Gitlin, Janeway & 
Farr (1956), was concerned with the elimi- 
nation of [!%1-labelled human transferrin in 
children with nephrotic syndrome where 
large quantities of protein-bound radio- 
activity were excreted in the urine. They did 
not report data on normal subjects in detail 
but mentioned that in one normal child the 
plasma concentration after the initial mixing 
of some days decreased by 50 percent in the 
course of at least 12 days. This value [T% 
=at least 12 days] may be compared to 
that which may be calculated from our data: 
In normal man the average total exchange- 
able transferrin pool was found to be 16.3 ¢ 
(per 1.73 m?) while the daily turnover 
averaged 1.3 g (per 1.73 m?). Thus the daily 
turnover was about 8.0 percent of the total 
pool, and the T¥% of this pool can be cal- 
culated to be 0.693/0.08 = 8.7 days, which 
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is somewhat less than the value reported by 
Gitlin and coworkers (1956). 

The patients with infectious and toxic 
diseases showed the same general abnor- 
malities with respect to the metabolism of 
albumin as of transferrin. The subnormal 
serum concentrations were roughly parallell- 
ed by a reduction in the amount of exchange- 
able protein. Hence the transition from the 
normal state to disease involves a period of 
non-steady-state conditions with a relatively 
greater breakdown than synthesis, 1. ¢. in- 
creased breakdown or decreased synthesis 
must occur. The steady-state studies report- 
ed in this communication can not directly 
demonstrate this phenomenon. However, the 
finding in active disease states of a normal 
or even slightly hypernormal absolute turn- 
over rate strongly suggest that in acute 
disease it is a temporary increase in break- 
down of albumin and transferrin above the 
level of synthesis which is responsible for 
the observed reduction of the amounts of 
exchangeable protein and low plasma con- 
centrations. 


This conclusion is in agreement with the 
well known increase in overall protein cata- 
bolism in acute diseases evidenced by the in- 
creased production of urea. It is possible that 
increased activity of the adrenal cortex is of 
importance in such conditions of stress for 
the increased catabolism of at least albumin 
(and possibly also transferrin) since it has 
been found by Grossman, Yalow & Weston 
(1957) that ACTH and cortisone increase 
the breakdown rate of albumin while the rate 
of synthesis remains normal or increases 
somewhat. These investigators also reported 
the result of the [!3!-albumin metabolism in 
two individuals who contracted a minor 
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febrile illness some days after injection 
the labelled protein. An abrupt increase 
the rate of albumin breakdown was obsery 
while the rate of synthesis was unchangé 
i. e. findings which are in agreement with o 
conclusions mentioned above. We have al 
observed on several occasions that even ve 
mild acute infectious diseases cause an act 
increase of the albumin breakdown rate 
20 percent. Apparently the breakdown met 
anism is accelerated quite readily. 

In chronic less active infectious-toz 
diseases our observations have indicated 
condition with low turnover rates of albun 
and transferrin. In such conditions no ad 
nocortical hyperactivity is demonstrable a 
the obligatory urea production is not abm 
mally high. Thus, in this state also a gr 
correlation seems to exist between ovet 
protein metabolism (evidenced by the obli 
tory urea production) and the breakdo 
rate of specific proteins. This interest 
correlation was first pointed out by Dav 
Ricketts & Bull (1959). The mechanism 
the hypoalbuminemia and hypotransferr 
emia in the chronic less active cases may V 
differ from that of acute cases. If no ac 
disease phase initiates the condition, tl 
perhaps a subnormal production (with 
relatively more normal breakdown) cau 
the reduction in pool sizes and plasma c 
centrations. In chronic conditions it see 
reasonable to assume that normal conditi 
are regained primarily by a normalizatior 
the production rate in combination wit! 
relatively low breakdown. 


The turnover data for albumin and tre 
ferrin do not, in our opinion, suggest a 
finite model regarding the regulation of | 
duction and breakdown of these proteins 
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yr this reason we have only discussed the 
bsolute turnover rates and not the relative 
ates which may or may not represent the 
ctivity of the breakdown mechanism. Our 
ata do suggest, however, that the same 
eneral principles may be involved to some 
xtent. On a relative basis transferrin is 
urned over much more rapidly than albumin 
fhile on an absolute basis albumin turnover 
; much the largest, but similar deviations 
rom the normal state were found in the 
iseases studied. In cirrhosis of the liver with 
ypoalbuminemia, a reduced albumin turn- 
wer rate has been found (Sterling, 1951), 
nd similar results were obtained in two 
irrhotics. studied with [131!-labelled transfer- 
in (case P.N., transferrin turnover 1.1 g/ 
lay, case F.S. 0.7 g/day). Also, in a patient 
vith protein-losing disease of the gastrointe- 
estinal tract where the serum albumin was 
ow and the albumin turnover was hypernor- 
nal, the same abnormalities were found for 
he metabolism of transferrin. 


The similarities between albumin and 
ransferrin metabolism suggest that the vari- 
tion of the concentration of transferrin in 
erum may in many conditions be of an un- 
pecific nature. Thus in infectious and toxic 
liseases the hypotransferrinemia would seem 
lot necessarily to be the effect of a primary 
hange in the iron metabolism. This conclu- 
ion is of some interest since it has so far 
een tempting to relate infectious hypotrans- 
errinemia in some way to an abnormal iron 
netabolism revealed by low serum iron and 
nemia. That the anemia of infection is not 
he result of the hypotransferrinemia is in- 
licated by the lack of anemia in patients with 
he nephrotic syndrome where the serum 


transferrin concentration is markedly re- 
duced. 

We have stressed the gross correlation be- 
tween patterns of turnover of the two serum 
proteins studied since our data showed such 
a relation which has not been observed pre- 
viously. This should not be taken to mean, 
however, that we intend to imply that the 
mechanisms of regulations of the two prote- 
ins are in fact identical. They are not. Thus, 
e.g. transferrin metabolism is specifically 
altered by iron deficiency, a condition which 
presumably does not influence albumin meta- 
bolism and in which Jordal (1960) has re- 
cently found relatively low values for the 
transferrin turnover rate. 


SUMMARY 


The distributions and turnover rates of 
radioactively labelled (1131) albumin and 
transferrin were studied in 17 normal sub- 
jects and in 15 patients with infectious and 
toxic diseases. 

In the normal subjects the two labelled 
proteins showed the same pattern of distri- 
bution, but transferrin-I131 disappeared twice 
as fast as albumin-I'3! from the organ- 
ism. Since albumin is present in a much 
higher concentration than transferrin, the 
calculated turnover rate is nevertheless con- 
siderably higher for albumin than for trans- 
ferrin: An average of about 10 grams of 
albumin and 1.3 grams of transferrin are 
turned over (synthesized and broken down) 
per day in normal man. 

In the patients with infectious-toxic disea- 
ses almost the same distribution was found 
as in the controls. Therefore, since the plas- 
ma concentrations are subnormal, the a- 
mounts of total exchangeable protein were 
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also reduced. The turnover rates of the two 
proteins were normal or even slightly above 
normal in the more acute and active disease 
states while they were below normal in the 
most inactive chronic conditions. 

The results suggest that the same unspeci- 
fic mechanisms are responsible for lowering 
the serum concentrations of albumin and 
transferrin in infectious-toxic diseases: a rate 
of synthesis which is temporarily below that 
of breakdown. In acute and active chronic 
diseases it is due to an accelerated break- 
down rate (hypercatabolism), in the most 
chronic conditions without acute phases poss- 
ibly due to a decreased rate of protein syn- 
thesis (hypoanabolism). 
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INHIBITORY ACTION OF 


SERUM LECITHIN®ON*) THE 


eVOLYTIC ACTIVITY OF SERUM LYSOLECITHIN JN V/TRO 
By E. GJONE! 
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(Received for publication November 27, 1960) 


Lysolecithin has recently been isolated 
m lipid extracts of normal human serum 

silicic acid column 
hillips 1957, Gjone, Berry & Turner 
99). The hemolytic activity of lysolecithin 
3 represented one of the main objections 
the idea that this phospholipid is a normal 
astituent of serum in the reported amounts. 
ie present paper reports an inhibition of 
» hemolytic activity of lysolecithin by leci- 
n separated from lipid extracts of serum 
silicic acid chromatography. 


METHODS 
Extraction of lipids was carried out as described 
viously (Gjone et al. 1959). 
yeparation of lipids was accomplished by the use 
silicic acid column chromatography according to 
method described by Hirsch & Ahrens (1958) 
ng 18 grams of activated silicic acid obtained 
m Bio-Rad Laboratories, Richmond, California 
o SAB-11). Column temperature was kept con- 
nt at 22° C during the experiments. Columns 
re not reused after a completed run. After uni- 
m packing and dehydrating washings the column 
$ conditioned for 12 hours with petroleum ether 
p. 60° to 80° C). The total lipid sample was 
lied in 20 ml petroleum ether. Lipids other than 
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chromatography » 


phospholipids were eluted from the column with 
200 ml diethyl ether. Phospholipids were eluted 
with methanol or with chloroform-methanol mix- 
tures. Ten ml fractions were collected by means 
of an adjusted siphon and an automatic fraction 
collector. The separation of lysolecithin was accom- 
plished with 500 ml 1:4 (v/v) chloroform-methanol 
as previously described (Gjone ef al. 1959). Rechro- 
matography of the lecithin-sphingomyelin-fraction 
with 500 ml 3:2 (v/v) chloroform-methanol resulted 
in a satisfactory separation of these two compounds. 
Phosphorus was analyzed by the method of King 


(1932). 


Identification of lipid fractions. Paper chromato- 
graphy was carried out on: silicic acid impregnated 
paper (Whatman No. 3) prepared as described by 
Lea, Rhodes & Stoll (1955) and using methanol- 
chloroform 1:4 (v/v) as eluant in the descending 
manner. Lecithin, sphingomyelin and lysolecithin 
spots were detected by immersing the chromato- 
gram first in 2 per cent phosphomolybdic acid and 
then, after washings in m-butanol and water, in 
0.4 per cent stannous chloride in 3 N HCl to 
reveal choline according to the method of Char- 
gaff, Levine & Green (1948). 


Hemolytic activity was tested by incubation with 
3 ml of a 1 per cent suspension of washed human 
erythrocytes in isotonic salime at room temperature 
for 3 hours. The samples to be tested were pipetted 
from. the respective pooled fractions after the 
column chromatography in chloroform/methanol 
solution, taken to dryness under vacuum and then 
dissolved in 0.1 ml methanol before the erythrocyte 
suspension was added. This amount of methanol 
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Fig. 1. Silicic acid column :chromatography of 


phospholipids from 100 ml normal human serum. 
Eluant: chloroform-methanol 1:4 (c/v). 10 ml 
fractions. 


did not alter the hemolytic properties of lysoleci- 
thin in the system used. 

Standards. Syntetic L-a-dipalmytoyl-lecithin was 
obtained from Mann Research Laboratories, Inc., 
New York (lot B 3152) and Sphingomyelin from 
L. Light & Coe. Ltd., Colnbrook, England. 


RESULTS 
Isolation of lysolecithin and. lecithin. 


Lysolecithin was isolated from lipid ex- 
tracts of normal human serum by silicic acid 
column chromatography when phospholipid 
elution was accomplished with chloroform- 
methanol 1:4 (v/v) as shown in Fig. 1. The 
three peaks in order of elution have, as pre- 
viously described (Gjone et al. 1959), been 
identified as I: kephalins, II: lecithin and 
sphingomyelin and III: lysolecithin. The 
peak III material was pooled and used as the 
serum lysolecithin in the following hemoly- 
sis experiments. 

The peak IT material was pooled and sub- 
jected to rechromatography on a silicic acid 
column using chloroform-methanol 3 :2 (v/v) 
as eluant. A fairly distinct separation into 
two fractions was obtained as demonstrated 


in Fig. 2. Tubes 5—19 and 26—44 
pooled to give materials A and B reg 
tively. Descending paper chromatogra 
on silicic acid impregnated paper using 1 
thanol-chloroform 1:4 (v/v) as eluant» 
carried out with materials A and B. Mate 
A gave one spot with Rf value of 0 
whereas material B gave one spot with 
value of 0.33. Paper chromatography car 
out in the identical manner with the 
standards resulted in a dipalmitoyl lect 
spot with Rf value of 0.54 and a sphit 
myelin spot with Rf value of 0.34. Ace 
ingly, the two pooled fractions A am 
were identified as serum-lecithin and 

um-lecithin and “serum-sphingomyelin 

spectively. Calculations of the rele 
amounts of phosphorus in the two peaks 1 
in good agreement with the expected va 
for lecithin and sphingomyelin in set 
These serum-lecithin and serum-sphingot 
lin fractions thus separated were used in 
following hemolysis experiments. 


Hemolysis experiments. 


3 ml of a 1 per cent suspension of wa 
human erythrocytes were used throug 
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Fig. 2. Rechromatography of fraction II (Fi 
on silicic acid column. Chrloroform-methano 
(v/v) as eluant. 10 ml fractions. 
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hemolysis experiments. Hemolytic activ- 
was detectable with 0.01 umole lysoleci- 


n and total hemolysis was observed with. 


O wmole or 3 ug lysolecithinphosphorus 
solecithin P). 

The total phospholipid fractions from 7 
ferent sera of fasting normal humans were 
ted from the silicic acid columns with 
thanol after the elution of the nonphos- 
orus—containing lipids diethyl 
er. The total lipid P in these sera varied 
m 6.25 to 11.25 mg P per 100 ml serum. 
mples of varying lipid content were taken 


with 


t for hemolysis studies from these total - 


ospholipid fractions. On the assumption 
it lysolecithin P represents approximately 
per cent of the total lipid P, the amounts 
lysolecithin P in the total phospholipid 
mples taken out for hemolysis studies were 
), 5.6, 14.4, 17.6, 20.0, 23.2, and 31.0 png 
spectively. In none of the experiments with 
sse samples of total phospholipids of serum 
ald any hemolysis be observed although 
ir contents of lysolecithin in the isolated 
te would have given complete hemolysis. 
jis experiment, therefore, demonstrates 
ut one or more of the other phospholipids 
the relative amounts present in serum in- 
yits the hemolytic activity of lysolecithin 
witro. 

Table I demonstrates the inhibitory action 
serum lecithin on the hemolytic activity 
serum lysolecithin. Degree of hemolysis 
given from 0 (no hemolysis) to +-+++-- 
omplete hemolysis). 

The results shown in Table I indicate a 
pportionality between the amounts of 
‘um lysolecithin and those of serum leci- 
n that completely inhibited the hemolysis 
vitro. The lecithin P:lysolecithin P ratio 


Table I. The inhibitory action of serum lect- 

thin on the hemolytic activity of serum lyso- 

lecithin. Incubation with 3 ml 1 percent sus- 

pension of human erythrocytes in isotonic saline 
for 3 hours. 


Serum 
lecithin P 


Serum 


Thee lysolecithinP 


Hemolysis 


1 3.0 f ae 
2 1.5, « 2.0 « + 
3 poe < 4.0 » 0 
4 3.0 « 4.0» == 
5 3.0: « 6.0 « 0 
6 4.5 « 4.0 » ++ 
7 4.5 « 8.0 « 0 
8 6.0 « 4.0 » +44 
9 6.0 « 6.0 « ++ 
10 6.0 « 8.0 « “+ 
11 6.0 « 12.0 « 0 


in lipid extracts of normal human serum is 
approximately 8:1 whereas the observed 
ratio giving complete inhibition of the lyso- 
lecithin hemolysis im vitro is approximately 
2:1. This inhibitority action of serum leci- 
thin on the lysolecithin-induced hemolysis 
is therefore sufficient to explain why the 
total phospholipid fraction from normal 
serum did not exhibit any hemolytic activity. 

The hemolytic activity of 3 wg lysolecithin 
P was also completely inhibited by the pre- 
sence of 0.1 ml normal plasma containing 
approximately 6.5 wg lecithin P. 

In order to study the site of the antihemo- 
lytic activity of serum lecithin, 3 yg lysoleci- 
thin P was incubated for 3 hours with 12 pg 
lecithin P and the erythrocyte suspension. 
After centrifugation for 15 minutes at 2500 
rpm the clear supernatant was removed and 
2.5 ml isotonic saline added together with 3 
yg lysolecithin P. Complete hemolysis could 
be observed after 3 hours further incubation. 
This experiment, therefore, demonstrates 
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that the compound inhibiting the hemolysis 
had been removed with the supernatant. 

Whereas serum lecithin inhibited the hem- 
olytic action of lysolecithin in relative 
amounts less than that present in serum, 
this was not the case of the isolated kephalin 
— and sphingomyelin fractions. However, 
also these two phospholipids exerted a pro- 
tective action against the lysolecithin-induced 
hemolysis. Thus approximately 15 pg P of 
the kephalin fraction and 40 png P of the 
sphingomyelin fraction (material B Fig. 2) 
was needed to abolish the hemolysis due to 
3 ug lysolecithin P. The amounts of these 
two lipids relative to lysolecithin were thus 
above that present in normal human serum, 
and their hemolysis inhibitory action can not 
explain why the total phospholipid fraction 
did not hemolyse red blood cells. 

Hemolysis experiments were also. carried 
out in a similar manner using the synthetic 
[.-a-dipalmitoyl-lecithin. In contrast to the 
serum lecithin fraction, this synthetic leci- 
thin did not show any marked inhibitory 
action in the test system used here. 3 ug lyso- 
lecithin P gave complete hemolysis when in- 
cubated with 30 pg synthetic-lecithin P and 
even with 80 yg synthetic lecithin P an al- 
most complete (+-++-+) hemolysis was ob- 
served. 


DISCUSSION 

The presence of lysolecithin as a normal 
lipid constituent was first suggested by 
Bergenheim & Fahraeus in 1936. They iso- 
lated from serum a fraction that was soluble 
in water, ether insoluble, contained phos- 
phorus and was strongly hemolytic. This 
fraction was later studied by Singer (1940, 
1941) and by Singer & Dameshek (1941) in 


different hemolytic anemias, however withc 
being able to reach any conclusions as to 
physiological or clinical importance. By ° 
cently developed silicic acid column and pay 
chromatographic methods, the presence 
lysolecithin in lipid extracts of normal hur: 
sera has been confirmed (Phillips 19 
Gjone et al. 1959, Marinetti, Albrecht, Fe 
& Stotz 1959). At present it seems m 
likely that it is a true serum lipid compon 
and does not represent an artefact caused 
extraction or chromatography. 

The present experiments demonstrate ¢ 


the well known hemolytic activity of ly 
lecithin is not exerted by total serum-ph 
pholipid fractions containing lysolecithmn 
amounts that in the isolated state would hi 
given a very rapid and marked hemoly 
in vitro. This has been found to be due p 
dominantly to an inhibiting action of — 
serum lecithin on the hemolytic effect 
lysolecithin. If the same principle prevails 
serum, lysolecithin in the quantities so 
reported will not, due to the presence 
serum lecithin, exert any hemolytic act 
in vivo. Only marked alteration in the - 
ative amounts of these two phospholipids 
serum would be expected to result in het 
lysis. Other inhibitory mechanisms may ¢ 
be present in vivo, e.g. by specific lipoprot 
bondings. Kephalins and  sphingomy 
exert a protective action but only in n 
physiologival quantities. Other serum li 
may possibly also have a similar action. 
Rather surprising was the finding + 
synthetic L-o-dipalmitoyl-lecithin lacked 
antihemolytic property of serum lecithin. ' 
possibility exists that some of the specifi 
of the inhibitory action is to be found in 
fatty acid portion of the lecithins. Howe 
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ifferent solubility properties in the test 
ystem used may also explain the discrep- 
ncy between the lecithins. 

The present investigation shows that the 
arked hemolytic activity of isolated lyso- 
cithin should not represent any objection 
) the belief that lysolecithin is a normal lipid 
onstituent of human serum. 


SUMMARY 

1) The phospholipids of lipid extracts of 
ormal human serum were separated by 
1eans of silicic acid column chromatography 
ito kephalins, lecithin, sphingomyelin and 
ysolecithin. Silicic acid impregnated paper 
hromatography was used for their identi- 
cation. 

2) The isolated lysolecithin fraction exert- 
d a marked hemolytic action on red blood 
ells. This action was not present in the 
Stal serum phospholipid fraction. 

3) The serum lecithin was found to 
ossess an inhibitory action on the hemolytic 
ctivity of lysolecithin. 
ompared to those of normal human serum, 
re ziven. 


Relative values; 
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USING GLUCOSE OXIDASE AND PEROXIDASE 


By L. KRAMER JAKOBSEN 


From the Central Laboratory of Aaiborg County Hospital, Denmark. 
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Quantitative determination of glucose in 
urine can be carried out by the glucose ox- 
idase method indicated by Keston (1956) 
and Teller (1956) without modification, 
although some authors (Huggett & Nixon 
1957, Kreutzer & Bosman 1960, Saifer & 
Gerstenfeld 1958) claim that ascorbic acid 
and uric acid may interfere with color devel- 
opment. 


METHOD 


Reagents 

a) Buffered enzyme-dye solution (GOD-POD 
reagent), e.g. TCM-II from C. F. Boehringer. 

b) perchloric acid, 3.3 per cent (w/v). 28.5 ml 
acidum perchloricum Merck 1.67 is diluted with 
water to 1000 ml in a volumetric flask. 

c) Standard solution of glucose. 10 mg ANA- 
LAR D-glucose is dissolved in 100 ml 3.3 per cent 
perchloric acid. — 


Procedure 

Urine samples. The urine is diluted 1:100 with 
water in a volumetric flask. 200 wl of this dilution 
is pipetted into test tubes and 5 ml GOD-POD 
reagent added. 

Standard. 5 ml GOD-POD reagent is added to 
200 ul of the standard solution of glucose. 

Blank. 5 ml GOD-POD reagent is added to 200 
#1 perchloric acid. 


After 40 minutes at room temperature the oj 
tical densities (E) are read at 436 nm. 


Calculation. 
Esample — Eblank == g glucose per an 
Estandard — Eblank 


COMMENTS 


Ascorbic acid. Normally about 25 n 
ascorbic acid is excreted per 24 hours. TI 
color development of 10 mg/100 ml solutio: 
of glucose in water with varying amour 
of ascorbic acid was investigated. The resu! 
which are shown in Fig. A indicate that 
urine specimen which after dilution contai 
25 “g ascorbic acid per 100 ml (correspon 
ing to 25 mg ascorbic acid per 1000 ml u 
diluted urine) gives no significant decrea 

. of ‘the optical densities. 


Uric acid. Normally about 300 to 10 
-‘mgvuric acid is excreted per 24 hours. T 
color development of 10 mg/100 ml solutic 
of glucose in water with varying amounts 
sodium urate was investigated. The resu 
which are shown in curve B indicate tha 
urine specimen which after dilution conta: 
1 mg sodium urate per 100 ml (correspor 
ing to 1000 mg sodium urate per 1000 
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idiluted urine) gives a decrease of the op- 
sal densities of about 0.007, which for clin- 
al purposes is unimportant. 


ecovery determinations. 

According to Table I, good recoveries 
ere obtained after addition of varying 
nounts of glucose to urine. 


recaution. 
O’Gorman, Griffiths & Bloxam (1960) 
ive shown that large doses of ascorbic acid 


Iministered a few hours before miction of 


rine used for detection of slight glucosuria. 


in inhibit the enzymatic reaction. The ex- 


E 
.200 


-100 


A 
ascorbic acid 


E 
.200 


.100 


B 

sodium urate 
1 2 3 
+ m9 % 


ig. 1. Optical densities obtained with 10 mg/100 

1 solutions of glucose containing varying amounts 

- ascorbic acid and sodium urate. The arrows 

dicate the concentrations of ascorbic acid and 

dium urate which correspond to urines contain- 

i 25 mg/l ascorbic acid and 1000 mg/l sodium 
urate before dilution. 


Table I. Recovery determinations after addi- 
tion of varying amounts of glucose to urine. 


Glucose added % Glucose found % 


0.0 
0.5 
1.0 
1:5 
2.0 
225 
3.0 
3.5 
4.0 
4.5 
5.0 


cretion of uric acid in some leukemic cases, 
and during X-ray treatment, may exceed the 
above mentioned values, but under normal 


ale ONS he a aS 
RARADAOUSCUS 


conditions the excretion of uric acid does not 
vary much. 


Conclusion. 

According to the present investigation, 
qualitative and quantitative determination of 
glucosuria can be carried out with great 
accuracy by the glucose oxidase method if 
intake of large amounts of ascorbic acid is 
avoided. It is convenient to run the urine 
analyses together with the blood glucose 
determinations (Kramer Jakobsen 1960, 
Raabo & Terkildsen 1960). 


SUMMARY 


The glucose oxidase method used for blood 
glucose determination can be used for urin- 
ary glucose determination without modifica- 
tion. Ascorbic acid and uric acid decrease the 
optical densities obtained, but for ordinary 
clinical purposes this is unimportant, when 
previous intake of large amounts of ascorbic 
acid is avoided. 
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THROMBOPLASTIN ACTIVATION IN PLASMA 
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An estimation of the initial activation of 
ylood coagulation is of interest for many 
easons. This interest ranges from the study 
9f mild hemophilioid disorders to investi- 
rations in the influence of diets on the clott- 
ng of blood in normal persons; from studies 
imed at an elucidation of the mechanism of 
jlood clotting to an estimation of hyper- 
oagulability in patients. Several methods 
lave been proposed for the estimation of the 
nitial activation of blood coagulation, but so 
ar none have been generally accepted. 

Many problems, theoretical as well as 
yractical, are involved in an investigation of 
he initial activation of blood 
After the process of blood coagulation has 
yeen divided into two different systems cor- 
‘esponding to the socalled extrinsic system 
ind the intrinsic system, respectively, some 
simplification has been possible. 

The spontaneous clotting of blood in a 
est tube is caused primarily by activation 
xf the intrinsic system. Thus the spontaneous 
lotting time is normal in patients lacking 
factor VII, Jurgens 1956, Voss & Waaler 
1959. This is also the reason why the 


1 Present adress: James F. Mitchell Foundation, 
nstitute for Medical Research, Washington Clinic, 
401 Western Ave. NW., Washington 15, D.C. 


clotting. 


thrombin generation test is normal in Factor 
VII deficient patients (Hicks 1955, Ackroyd 
1956). 

Observations such as these are indicative 
ot the significance of the plasma thrombo- 
plastin system in the initiation of normal 
biood coagulation. 

The purpose of the present paper is to 
investigate the initial activation of plasma 
thromboplastin in order to be able to estimate 
the latent activity of the intrinsic system and 
to detect its variations within the normal 
physiological range. 


1. SELECTION OF METHOD 


Various methods have been recommended for 
investigation of the plasma thromboplastin system. 
The thromboplastin generation test (TGT) of 
Biggs & Douglas (1953) marked a great step 
forward, since it permitted the separate estimation 
of the two main components of the plasma thrombo- 
plastim system, namely AHF and the Christmas 
factor. However the method is based on the use of 
serum as one of the test ingredients. Im normal 
serum initiating stages of the clotting process have 
already been completed. An identification of a 
serum factor with a factor in genuine plasma re- 
quires therefore rigid proof since an effect caused 
by serum might be different in nature from an 
apparently similar effect caused by a plasma factor 
(Astrup 1959). Miale & Garrett (1957) arrived at 


Si, 


378 


the conclusion that “‘the identity of “(plasma factors” 
and ‘serum factors” may be more apparent than 
real”, 

MacMillan & Ritter (1958) avoided the use of 
serum as a source of Christmas factor in the test by 
substituting with diluted plasma in order to make 
the test more sensitive to abnormalities in the earlier 
stages of thromboplastin formation. 

Another method which avoids serum and is 
recommended in the study of the activation of 
plasma thromboplastin is the partial thromboplastin 
time test (PTT test or cephalin clotting time test) 
used extensively by Brinkhous and his associates 
in their work on classical hemophilia (AHF- 
deficiency), (Langdell, Wagner & Brinkhous, 
1953). Rodman, Barrow & Graham (1958) conclud- 
ed that the PTT-test is more sensitive than the 
thromboplastin generation test. However, since the 
FTT method is) a one stage method it is not 
possible to follow the thromboplastin formation with 
time. 

Another method avoiding addition of serum is 
the “thromboplastin screening test” of Hicks & 
Pitney, 1957. In this method diluted, whole plasma 
is recalcified in the presence of a platelet substitute. 
In several cases of mild defects, where the usual 
thromoplastin generation test gave normal results, 
the screening test was reported abnormal. Appar- 
ently this test is more sensitive than the original 
thromboplastin generation test. This observation 
was confirmed by Biggs, Sharp, Margolis, Hardisty, 
Stewart & Davidson, 1958, who used an improved 
“thromboplastin screening test” in which plasma 
was obtained with silicone technique. 

Common to all the methods so far mentioned is 
an acceleration of the velocity of thromboplastin 
formation by addition of platelets or platelet sub- 
stitutes. Hence, the methods are more appropriate 
im an estimation of total thromboplastic activity 
than in an estimation of the initial activation of 
thromboplastin formation. Addition of washed 
platelets or a platelet substitute introduces an 
artefact which could easily conceal defects in the 
plasma sample caused by a defective platelet system. 
Evidently, in order to obtain information about the 
initial steps in thromboplastin formation under 
physiological conditioms, it 
plasma sample remain as undisturbed as possible, 
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is essential that the _ 


. 


which means that it should also contain its owr 
untreated platelets. H 

A method using a genuine sample of blood is 
the thrombin generation test described for whok 
human blood by Macfarlane & Biggs (1953) anc 
for citrated plasma by Pitney & Dacie (1953) 
Using a substitution principle the thrombin genera- 
tion test cam be used in the demonstration of defect: 
in the plasma thromboplastin system (Sjglin, 195¢ 
a, 1957 b, 1960, Astrup & Sjglin, 1957). The 
thrombin generation test is more sensitive than the 
thromboplastin generation test of Biggs & Dougla 
in demonstrating mild defects in the plasma throm 
boplastin system (Sjglin, 1957 a, 1958 a, 1960 
Ollendorff, 1959). ; ; 

However, in mild deficiencies also the thrombi 
generation test often fails for which reason Ollen 
dorff (1960 a) tried to improve the method am 
make it more accurate. ™ : 

The method gives qualitative information, am 
it expresses the total activity of the plasma throm 
boplastin system, though the lag period in the tes 
and also the steepness of the curves can give som 
idea about the velocity of thromboplastin genera 
tion (Dybker & Geill, 1959). 

A method estimating preferably the total con 
centration or total activity of any factors or inter 
mediate products cannot be expected to give a tru 
picture of variations in the velocity of the initie 
reactions. | 

In order to accomplish this, strict adherence t 
silicone technique is essential. Douglas & Mai 
(1958) have described a test which they call th 
“thrombin-thromboplastin generation test”. In prit 
ciple this test is very similar to the previously met 
tioned “thromboplastin screening test”, but no plate 
lets or platelet substitute are added to the te: 
sample. The principle used by Douglas & Mai 
(1958) is, therefore, much better suited as a 
indicator of the early development of activity dut 
ing the process of clotting. Unfortunately thi 
advantage is again lost, since the authors us 
ordinary, uncoated glassware, so that part of tt 
initial activation has already taken place durin 
the preparation of plasma samples and of tt 
substrate plasma. This is evident from the sho: 
clotting times obtained in their experiments. Fut 
thermore, plasma samples which have been store 
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it 20° C, are used. This treatment produces partial: 


uctivation even in silicone coated glass tubes, which 
m certain mild cases of hemophilioid disorders is 
sufficient to overcome completely the clotting defect 
n the genuine plasma sample (Sjglin, 1956 b, 1957 
1, 1958 a, 1960, Biggs ef al., 1958). 

In the following we describe experiments aimed 
ut the development of a method for the estimation 
xf the initial activation of plasma thromboplastin. 
The method, as finally adopted, is described, and 
some preliminary results obtained om a limited 
naterial of normal persons and patients are report- 
ed in order to demonstrate the applicability of the 
method. The principle underlying the method is the 
same as that applied by Douglas & Mair (1958), 
but the technique has beerr modified, so that a high 
sensitivity of the method has beem obtained. Since 
the method has been designed for the study of the 
initial activating steps, with little emphasis on the 
total activity generated, we refer to the method as 
the thromboplastin activation test (TAT). The 
method must mot be confused with the “thrombo- 
plastinogen activitiy time” of Quick, Hussey & 


Stapp (1952), which is a modified partial thrombo- . 


plastin time test, using the one-stage principle. 


2. MATERIALS AND METHODS 


Strict silicone technique is adhered to during all 
manipulations. An exception is the stainless steel 
cannulas, which are used uncoated since it was 
felt that a more smooth surface could be main- 
tained in these when not exposed to the hydro- 
chloric acid released during silicone treatment. 
Handling and cleaning of glassware has been de- 
scribed in detail in another paper (Ollendorff, 
1960 a). It is of great significance that all pipettes 
ure placed in 0.5 n NaOH, since adsorption of 
active agents can give erroneous results in subse- 
juent estimations. Dichromate-sulfuric acid cam be 
used instead of 0.5 nm NaOH but requires longer 
ime. 


Substrate plasma (platelet poor): Human blood 
(9 vol. to 1 vol. 3.8 per cent trisodium citrate) was, 
after cleary venepuncture, bled directly into a sili- 
sone coated centrifuge tube discarding the first 
few ml. After centrifugation in this tube for 30 
min. at 3500 r.p.m. in a refrigerated centrifuge, the 


platelet-poor plasma was carefully separated with 
a silitcome-coated pipette and kept in icewater in a 
silicone-coated flask. 

In some experiments a “high spun’ plasma 
prepared by high speed centrifugation in a refrig- 
erated centrifuge (18000 r.p.m. for 30 min.) was 
used as substrate plasma. However, when the nor- 
mal platelet-poor substrate plasma was of ‘good 
quality, no improvement was obtained by further 
high speed centrifugation. The applicability of the 
normal substrate plasma depends upon the amount 
of material from disintegrated platelets present in 
the original citrated plasma, cfr. Ollendorff (1960 
c), and this could be controlled by estimating the 
recalcification’ time of the substrate plasma, see 
below. 

Plasma sample (platelet-rich) : The blood sample 
to be tested was obtained as the substrate plasma. 
The platelet-rich plasma was separated by centri- 
fugation at 1500 r.p.m. for not more than 10 min. 
in a refrigerated centrifuge. The sample was kept 
in icewater during the experiment. 

Platelets were counted in the plasma sample in 
a 0.05 mm deep Biirker-Tiirk counting chamber by 
the direct method. 

Calcium chloride for recalcification was used in 
the following concentrations: 0.025 M CaCl in 
water, and a 0.0083 M solution prepared by diluting 
the 0.025 M solution with two volumes. of buffer. 

Saline-barbital buffer: 0.05 M_ diethylbarbital 
buffer; pH 7.75 containing 0.1 M NaCl. Total 
ionic strength 0.15. 

Thromboplastin uctivation test (TAT): Based 
upom the results obtained in a number of exper- 
iments (of which some will be reported below) the 
following conditions were found to be optimal. 

Diluted substrate plasma was prepared by dilut- 
ing with 2 vol. of buffer and the mixture was 
kept in icewater during the experiments in a sil- 
icone-coated glass container. 

Technique of thromboplastin activation test: Of 
the diluted substrate plasma aliquots of 0.100 ml 
were placed by means of am uncoated pipette in 
each of a series of 15 uncoated tubes (80 mm 
9—10 mm) and the tubes were placed in a water- 
bath ates7> -C: 

In a larger uncoated test tube (95—100 mm 
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12—14 mm) 2.00 ml buffer was mixed with 0.250 
ml 0.025 M CaCle and the tube placed in the water 
bath. After reaching the temperature of the bath, 
0.250 ml of the platelet-rich plasma sample was 
added (with an uncoated pipette) and a stop watch 
immediately started. 

At each following whole minute a subsample of 
0.100. ml of this incubation mixture was removed by 
a micropipette and consecutively placed in one of 
the above mentioned 15 test tubes containing the 
substrate plasma. At the same time as the sub- 
sample was introduced in a tube, 0.100 ml of the 
0.0083 m CaCleg solution was added for recalci- 
fication. The clotting time was then estimated. 
Because of the lome recalcification time of the 
substrate plasma the recalcification can — if tech- 
nically easier — be performed with an automatic 
pipette a few seconds before the subsample is added. 

The clotting time of the incubation mixture was 
also recorded. The clot formed was pressed against 
the wall of the test tube by means of two wooden 
applicator sticks in order to squeeze out the solution. 

The clotting times of each of the 15 test tubes 
were read (ty to ti5). The results were plotted with 
the incubation time (in minutes) as abscissa and 
the logarithm of the clotting times (in seconds) as 
ordinate, preferably on semilogarithmic paper. The 
curve thus obtained is the activation curve. 


Estimation of t,. 


In order to obtain a more accurate estimation 
of the zero point (to) of the activation curve, which 
point represents the activity present in the genuine, 
untreated plasma sample, to was obtained as fol- 
lows : 

In each of 3 uncoated test tubes 0.100 ml diluted 
substrate plasma wads placed, and the tubes placed 
in a water bath at 37° C 

In a larger, silicone-coated. tube, 2.25 ml buffer 
and 0.250 ml of the plasma sample was mixed and 
placed in the water bath. At short intervals 0.100 
ml of this mixture was transferred to one of the 
3 tubes containing the substrate plasma at the same 
time as 0.100 ml 0.0125 M CaClo (= 0.025 M 
CaClg diluted with one volume of buffer) was 
blown into the tube. A stop watch was started for 
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— 
s 
each tube and the clotting time estimated. Th 


average of the three values wos considered as a 
expression of to. ‘ 


re ; ¥ 
Recalcification time of substrate plasma. 


In order to determine whether the platelet-poo 
substrate plasma was satisfactory for the test, it 
recalcification time was estimated as follows: 

In an uncoated test tube was placed 0.100 ml Q 
the diluted substrate plasma followed by 0.100 ™ 
buffer and 0.100 ml 0.0083 M CaCle (0.025 d 
CaClg diluted with 2 vol. of buffer). The clottin 
time was estimated in three consecutive tests a 
the average calculated. If, in this test, the recalei 
fication time was lower than 4 minutes, the sub 
strate plasma was unsuitable and had to be re 
placed by another preparation. } 


. 
3. INVESTIGATION ON THE METHOD 


A, Substrate plasma and plasma sanvple. : 

In preliminary experiments various dilutions ¢ 
substrate plasma and plasma samples were trie 
Finally adopted were those concentrations whic 
gave the best range of readings as well as the be 
reproducibility. Of great importance is the qualit 
of the platelet-poor substrate plasma. When tl 
clotting time of the latter, estimated as describe 
above, was above 4 minutes, no further significa 
improvement was produced by high-speed centr 
fugation. When the substrate plasma was of inferi 
quality, because it contained disintegrated platel 
material, it could usually not be sufficiently in 
proved by hhigh speed centrifugation. Henice, gre 
care is required in preparing the substrate plasm 
In some experiments the human substrate plasn 
was exchanged with a platelet poor, oxalated bovi1 
plasma with good results. | 

The final dilution of the platelet-rich plasn 
sample in the incubation mixture was selected | 
1 in 10. Hicks & Pitney (1957), in their thromb 
plastin screening test, used an incubation mixtu 
containing the plasma sample diluted 1 in 30. Big 
et al, (1958) used 1 im 60.in their incubation mi 
ture. Douglas & Mair (1958), im their thrombi 
thromboplastin generation test, used a final diluti 
of 1 in 6 The substrate plasma used by all the 


THROMBOPLASTIN ACTIVATION IN PLASMA 381 


iors was undiluted. We found it advantageous 
se a diluted substrate plasma since the clotting: 
s are then slightly prolonged, so that minor 


ations im activity of the incubated plasma. 


ple could be more accurately determined. 


The thrombin effect. 


‘hrombin as well as thromboplastin is formed 
he incubation mixture. Since we are primarily 
rested in the activation of plasma thromboplas- 
any formation of thrombin in the plasma sample 
ents a complication of the method. However, 
m undisturbed plasma is used, thrombin forma- 
is unavoidable. It therefore became of signif- 
ice to investigate how much the presence of 
ymbin in the sample interfered with the estima- 
_ of thromboplastin activatiom on the substrate 
ma. 

‘rom an incubation mixture prepared as de- 
bed above, aliquots (0.100 ml) were removed 
mie minte intervals and added to tubes contain- 
0.200 ml of a 0.075 per cent solution in buffer 
ovine prothrombin-free fibrinogen (prepared as 
sribed by Astrup & Miillertz, 1952). The clott- 
times were recorded. In this experiment clott- 
as caused by the thrombin formed in the in- 
ation mixture alone. The results were compared 
h those obtained in the usual procedure using 
ited plasma as substrate and carried out on the 
ve plasma sample. The results of such an exper- 
mt are presented in Fig. 1. The sample of normal 
sma used in this experiment contained 384.000 
telets per mm?. It is seen that during the first 
0 6 mins. the activity in the plasma sample is 
sed chiefly by the thromboplastin formed. Later 
effect is due primarily to thrombin. 


Variations in substrate plasma. 


[in order to follow variations in plasma samples 
h time, either during storage or as obtained 
m individuals at different times, it is important 
know how much the properties of different sub- 
ite plasma preparations deviate from each other. 
obtain some information on this problem the 
Sitivity of various plasma substrates to. thnombin 
s studied. A purified, lyophilized preparation of 
ine thrombin was used (kindly provided by the 
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Fig. 1. Role of thrombin effect. 


Curve a: Thromboplastin activation test. Curve b: 

Same incubation mixture estimated on bovine 

fibrinogen. Abscissa: Incubation time in minutes. 

Ordinate: Logarithm of clotting time in seconds. 

Arrows marked a and b indicate recalcification time 
of the respective incubation mixtures. 


Leo Pharmaceutical Comp., Copenhagen). It was 
dissolved in buffer in am appropriate concentration 
and serial dilutions were prepared. With these 
dilutions the clotting of the substrate plasma was 
investigated by addition of 0.100 ml of the thrombin 
solutions and of 0.100 ml of 0.0083 M CaCle to 
0.100 ml diluted substrate plasma (1 in 3). Results 
of such experiments are presented im Fig. 2. It is 
seen that the deviations between 12 different prep- 
arations of substrate plasma obtained during 4 
weeks and tested at various days with thrombin 
are small. It is therefore assumed that curves ob- 
tained on different days and with different batches. 
of substrate plasma cam be compared. The method 
has been in use now for more than two years and 
the results obtained during this period have veri- 
fied this assumption. It would have been advisable 
also to investigate the sensitivity to dilutions of 
plasma thromboplastin, but since stable prepara- 
tions of this are not available such an investigation 
could not yield definite results. 


20 
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Fig. 2. Substrate plasma variations. 


Abscissa: Conc. of thrombin in mg of thrombin 

preparation per 10 ml buffer. Ordinate: Clotting 

time in secs. Both axes logarithmic. Results obtained 

in 12 different samples of substrate plasma are 
plotted. Full line is average curve. 


D. Reproducibility of estimations. 


In order to obtaim information about the re- 
producibility of the estimations the activation 
curve was estimated on one and the same sample 
of plasma in 2 separate experiments on one day 
and im 7 separate experiments the following day. 
The results appear in Fig. 3. It is seen that there 
is very little deviation in the beginning and the 
end of the curves. The total activity obtained is 
nearly the same in all experiments. There are slight 
deviations in the intermediate range, where the 
acceleration of activation occurs. The deviation is 
not seen in the slopes of the curves, but as variations 
in the lag period at the beginning of the nearly 
linear part of the accelerating section of the dif- 
ferent curves. This probably means that there are 
no significant variations in the accelerating stage, 
but that there is a slight influence on the lag 
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period. This could be caused by minor. variati is 
the technical handling of each separate experi 
which is difficult to avoid. ; 


4, APPLICABILITY OF THE METHOE 
7 


A. Variations in single individuals. : 
As a prorequisite for the method in studies 
human beings it is necessary to know the variat 
in estimations carried out on single individs 
during a prolonged period of time. It was for 
that some variation in the activation rate oce 
in one single individual with time. An example 
shown in Fig. 4 which shows 7 estimations o1 
normal person (female) during 40 days. Apparet 
there isa slight physiological variation in the 
tion rate. All blood samples were. obtained in 


20 morning .before eating. 
mg THROMBIN PER ml ee , 


B. Variation between normal individuals. ; 

Two groups of normal persons were investiga 
The first group included 39 persons (11 males” 
28 females) from 18 to 56 years old and consi 
of hospital personal (doctors, nurses, technic 
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Fig. 3. Reproducibility of estimations. 


9 separate thromboplastin activation tests pent 
ed on the same sample of plasma on two co 
daws and estimated on the same substrate pla 
Abscissa; Incubation time in minutes. Ordin 

Logarithm of clotting time in secs. 
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. The results of these estimations, which were 

ormed im the period from Dec. 1958 to April 

, are presented im Fig. 5. 

- order to characterize each curve the follow- 

values were read: 

ti = clotting time produced by the subsample 
obtained one minute after recalcification 
of the incubation mixture. 

ax — time (in minutes) elapsed before the 
shortest clotting time was obtained on 
the curve. 


ax — clotting time in seconds at Tmax. 


alc. = clotting time of the recalcified incuba- 
tion mixture. 


hese values are presented in Table I. There 
yme individual variation. 


s mentioned above, the thromboplastin activity 
1e genuine plasma sample at zero time is rep- 
nted by to. Since to has to be obtained in a 
rate experiment (as described’) while ty cam be 
ined from the regular test, it was investigated 
ther ty deviated so little from to that it could be 
‘instead of to as a measure of the latent clotting 
rity of the original plasma sample. In 16 of the 
nal persons of the group investigated above, to 
estimated in separate experiments as described, 


MIN. 


Fig. 4. Estimations on a single individual. 

rves obtained in one person (female, normal) 

1g a period of 40 days. Abscissa and Ordinate 
as described. 


(6) 2 4 6 8 10 12 


14 MIN: 


Fig. 5. Range of estimations performed in 39 normal 
persons. Abscissa and Ordinate as described... The 
hatched area cover 90 per cent of the range, The 
dotted points outside this area represent the re- 
maining 10 per cent of the values. 


each estimation being the average of 3 readings. 
Table II describes the results. It is seem that there 
is very little difference between tg and ty so that the 
latter cam be used instead of to, which greatly sim- 
plifies the estimations. 

Another group of normal persons was investigated 


Table I. Values obtained in 39 nomal persons. 


Average 


value 
Lowest 320 
value 


t, = clotting time in secs. of substrate plasma efter 

addition of a subsample transferred from incubation 

mixture after one minute. Tmax = time (in min.) 

elapsed until shorthest clotting time is reachd, tmax 

= clotting time at Tmax. Recalc. = clotting time 
of incubation’ mixture. 
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Table II. Values of to and t;, obtained from 
16 normal persons. 


Highest value | Lowest value 


Averape in sec. 


in the period from Oct. 1959 to Feb. 1960. This 
group consisted of blood donors and included males 
and females. The results obtained are presented in 
Fig. 6. It is seen that this group differs slightly 
from the previously mentioned normal group, since 
on an average there is an increased steepness of 
the curves indicating more rapid acceleration of 
thromboplastin formation. The reason for this dif- 
ference could be that the latter group, consisting of 
donors, represents individual blood samples obtained 
at different times during the day. Blood samples 
obtained in the morning and during the first hours 
of the afternoon were tested on the same day, 
whereas samples obtained in the evening or at 
night had to be stored in icewater until they could 
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400 


300 


200 


0 2 4 6 6 10 12 14 MIN. 


Fig. 6. Results obtained on 79 normal persons 

(blood donors). The two lines mark the area of 

the normal range obtained in the previous group in 

Fig. 5. Several of the spots represent more than 
one estimation. 
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be tested the following morning. The re 
presented in Fig. 6 are therefore more representa 
than the material in Fig. 5 for samples obtai 

random periods during the day, such as is often 
case in clinical investigations (Ollendorff, 1960 


C. Results obtained on patients with class 
hemophilia or Christmas disease. ¢ 


The applicability of the test in the demonstra! 
ot AHF-deficiency or Christmas factor deficie 
was investigated, The results are presented in] 
7 and Fig. 8. The preparation of ee 
in. these investigations is described elsewhere (§ 
lin, 1956 a, 1957 a, b, 1960). . 

It is seen that plasma from a patient 
antihemophilic factor (Fig. 7) shows almost 
formation of thromboplastin (curve a). Additi 01 
adsorbed, oxalated bovine plasma te the incuba 
mixture brought the activation curve in the nor 
range (or even slightly increased) (curve 
Addition of nioormal, human serum (curve ¢) 
readsorbed, heat-treated, normal serum (curve 
had only little effect on the activation. 

Simiarly in Fig. 8 it is seen that im plasma 
a patient deficient in Christmas factor there 4 
slight thromboplastin activation (curve a). Addi 
of mormal serum produced normal ie 
(curve b), while addition of readsorbed be 
plasma had only slight effect (curve c). The c 
times (recalc.) of the incubation mixtures 
marked on the curves for comparison. 

It is apparent from these results that the me 
can be used in the diagnosis of hemophilioid 
orders using the same principle of substitution w 
proved so valuable in the application of the thron 
generation test (Sjdlin 1956 a, 1957 b, 1960, As 
& Sjglin, 1957). 


D. Presence of tissue thromboplastin. 


In order to be able to evaluate estimation 
tained on patients in whom hypercoagulabili 
the blood might be expected, investigations 
performed on the effect on the test of additi 
tissue thromboplastin. Such experiments 
simulate the composition of blood in patients 
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us forms of tissue injury producing release of 
: thromboplastin into the blood stream. Some 
3S are presented in Fig. 9. It is seen that even 
concentrations of tissue thromboplastin in the 
ation mixture greatly accelerate the clotting 
ss. Since tissue thromboplastin acts directly 
e prothrombin system without the intermediate 
ation of plasma thromboplastin the activation 
e clotting process observed after addition of 
: thromboplastin is due to the rapid direct 
ution. of thrombin. 


lass activation of plasma thromboplastin. 


some experiments the effect of glass activation 
studied in order to simulate an increased activ- 
‘the plasma thromboplastin system ini a manner 
1 would not introduce foreign, active. material 


D b c d 
' 
ee } } lea 
~~. 
es =o 
~~ 
rs. Oe ens 
\ os 
x PEE a 
—s 
\ aS 
\ c 
\ 
\ 
ass 
\ 
iss mp 


7. Application of the thromboplastin activation 
m plasma from a patient with classical hemo- 
philia. 


2 a: Genuine plasma sample from patient. 
2 b: Incubation mixture contained 0.05 ml 
J4-adsorbed bovine plasma (= 20 per cent of 
25 ml patient plasma present). Curve c: In- 
ion mixture containing 0.05 ml normal, human 
1. Curve d: Incubation mixture contained 0.05 
adsorbed, heat-treated human serum. Arrows 
and d indicate recalcification times of the 
ctive mixtures. Recalcification time of mixture 
a was longer than 15 mins. 


10 
0 


2 4 6 é 10 12 14 


Fig. 8. Thromboplastin activation test in plasma 


from a patient with Christmas disease. 


Curve a: Genuine plasma sample from the patient. 
Platelet count: 386000. Curve b: Incubation mix- 
ture contained 20 per cent adsorbed bovine plasma. 
Curve c: Incubation mixture contained 5 per cent 
normal human serum. The respective clotting times 
of the incubation mixtures are indicated with 
arrows. (Mixture a: longer than 15 mins.) 


in the test system. Fig. 10 shows am experiment in 
which citrated rabbit plasma was used in the in- 
cubation mixture. The substrate plasma was of 
human origin as usual. Curve a shows the thrombo- 
plastin activation in the untreated mabbit plasma. 
It is very similar to the curve obtained in normal 
human plasma. Curve b shows the accelerated 
activation in the rabbit plasma after it had been 
treated for 30 mins. at room temperature with 200 
mg glass powder per ml plasma. Curve c shows the 
accelerating effect of nonmmal human serum on the 
thromboplastin activation, The incubation mixture 
contained 0.05 ml serum per 0.25 ml rabbit plasma. 
It is seen that the accelerating effect of glass treat- 
ment is nearly as high as that produced by serum 
addition. This effect is also apparent from the 
recalcification times of the incubation mixtures. 
The similarity of the curves in Fig. 10 with 
those obtained by addition of tissue thromboplastin 
in Fig. 9 made it necessary to investigate the 
formation of thrombin during the accelerated 


Fig. 9. Thromboplastin activation test in the pres- 
ence of tissue thromboplastin. 


Curve a: Normal human plasma alone. Platelet 
count: 735000. Curves b—g: Incubation mixture 
contained human brain thromboplastin (Owren) in 
the following concentrations per 0.25 ml of plasma: 
De OS wievce oS ule ds 10 als es 50 ale he LOO el 
The respective clotting times of the incubation mix- 
tures are indicated with arrows for comparison. 


formation of plasma thromboplastin, since the 
curves in Fig. 9 were caused by direct activation 
of the prothrombin system, whereas the curves ob- 
tained in Fig. 12 were due to an activation first 
of the plasma thromboplastin system. Such an 
experiment is presented in Fig. 11. It is seen that 
acceleration of thromboplastin activation results in 
an acceleration of thrombin formation, which nearly 
follows the thromboplastin activation curve as soon 
as the shorter clotting times are reached. This 
result is again an indicatian that it is the initial 
part of the curve which is of interest more than the 
part representing total or nearly total activation. 
This has already been mentioned in a previous 
section. The latter part is identical with a thrombin 
generation test performed in a higher dilution of 
plasma than usual. 
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DISCUSSION 

An estimation of the initial activation 
plasma thromboplastin in genuine pla 
samples presents great difficulties. The 
est obstacle is the simultaneous formatior 
thrombin, since no method is known 
can prevent the formation of thrombin 
can make thrombin inactive without it 
fering with the formation or estimation 
plasma thromboplastin. However infor 
tion about the activity of the latent pla: 
thromboplastin system is significant 
many attempts have been made to 7 
suitable methods. All of these have to e 
promise on various points. An indirect 
mation of plasma thromboplastin in genu 
untreated plasma can be obtained by 
thrombin generation test. However, the 
tial phases of thromboplastin activation 


10 12 
MIN. 


Fig. 10. Thromboplastin atcivation in rabbit p 
and accelerating effect of glass treatment 
serum addition. 


Curve a: Normal untreated citrated rabbit p' 

Curve b: Rabbit plasma treated with 200 ml 

powder per ml before test. Curve c: Incul 

mixture containing 0.05 ml normal, human 

per 0.25 ml normal rabbit plasma. Recalcifi 

times of incubation mixtures indicated with 
for comparison. 
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r estimated in a method using the prin- 
- of the ‘“thrombin-thromboplastin gene- 
mn test” of Douglas & Mair (1958). The 
ons for selecting this principle and for 
<ing out the present method have been 
ribed in the introductory section. It has 
| the purpose of this study to describe 
background and technique of the new 
10d as well as its application, usefulness 
limitations. A similar procedure was 
_ by Astrup & Fischer (1936) in their 
attempt to obtain a quantitative esti- 
on of the activation process in the clot- 
of hen plasma. This plasma was used 
use it is easy to prepare free from throm- 
tes and is stable without addition of 
oagulants, so that with this plasma it is 
ible to approach physiological conditions. 


n estimation method introducing as few 
ical factors as possible is required if 
ations in coagulability are to be accurat- 
estimated and elucidated, such as those 
ribed for mild hemophilioid defects in 
nts by Sjglin (1958 b, 1960) and in 
e blood by Ollendorff (1959). Here it 
ie initial activation which is of interest. 
activity obtained later is more an ex- 
sion of the total activity obtainable and 
ich does not reflect the initial activation 
sity. However, the period of time elapsed 
maximal activation is of significance 
is easily estimated by the present meth- 
it is of less importance that at this high 
ity the estimations are complicated by 
idditional activity of the thrombin form- 
ince a rapid formation of thrombin is an 
ation of an accelerated thromboplastin 
ation. Such indirect estimations have 
dy been used by application of the 
mbin generation test (see above). 


MIN. 

Fig. 11. Thromboplastin activation and thrombin 
formation during acceleration of clotting. 
Curve a: Thromboplastin activation test on normal 
human plasma. Platelet count: 384000. Curve b: 
Thromboplastin activation test after glass treat- 
ment of plasma sample. Curves c and d: Same as 
a and b but thrombin formation followed by estima- 
tion on fibrinogen solution (bovine, 0.15 per cent). 
Ordinate in all instances expresses clotting time 
im secs. 


The method described here has now been 
in routine use for more than two years. It 
has been found reliable and accurate in daily 
use and has given valuable information on 
the initial activation of coagulation in experi- 
mental work as well as in a variety of clinical 
conditions. The effect of platelets and of 
glass on the activation of plasma thrombo- 
plastin has been studied (Ollendorff, 1960 c). 
The clotting defect in Hagemann plasma 
was studied with the method (Ollendorff, 
1961). The coagulability of blood in acute 
myocardial infarction was also studied (Ol- 
lendorff, 1960 d). The experience obtained 
in these, and in other studies to be published, 
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has demonstrated the applicability of the 
method, and we feel that it has advantages 
over other methods when an estimation of 
the initial activity of the clotting system in 
undisturbed blood is required. 


SUMMARY 

1. The conditions for an accurate estima- 
tion of the initial activation of the plasma 
thromboplastin system and the latent clotting 
activity in undisturbed blood are discussed. 
2. An estimation method is described, 
which as far as possible satisfies these con- 
ditions. 

3. The reliability of the method is de- 
monstrated on blood samples from normal 
persons. 

4. The application and limitations of the 
method are demonstrated in samples of blood 
from patients deficient in anthihemopilic fac- 
tor or in Christmas factor, as well as in blood 
activated with small amounts of tissue throm- 
boplastin or by glass treatment. 
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Tryptamine was shown by Rodnight 
(1956) to be a normal constituent of urine. 
In recent studies on amine oxidase inhibition, 
the tryptamine content was found by Hess, 
Redfield & Udenfriend (1959) to increase 
in the tissues (brain and liver) of experi- 
mental animals and in addition a markedly 
elevated output of tryptamine in urine was 
found in humans (Oates & Zaltzman, 1959, 
Sjoerdsma, Oates, Zaltzman & Udenfriend, 
1959) during treatment with amine oxidase 
inhibitors. In fact the urinary tryptamine 
excretion constituted a very sensitive index 
of amine oxidase inhibition. 

The last mentioned authors described a 
method for the assay of urinary tryptamine 
using spectrophotofluorometry, with a spe- 
cialized instrument (Aminco-Bowman). The 
present report is an adaption of the method 
for assay with a fluorometer. At the same 
time, a test of the performance of the fluoro- 
meter in the ultraviolet region is obtained. 


METHODS 
Extraction of tryptamine. 
The procedure given by Sjoerdsma, Oates, Zaltz- 
man & Udenfriend (1959) was employed. The 


2 a 


ee ee oe 


volume of 0.1 N HCt solution used for the f 
extraction was increased to 2.0 ml, however, | 
1.0 ml of the extract was diluted with 2.0 mi 
borate buffer for fluorometric assay. Tryptan 
HC1 (Hoffmann-La Roche) was used as stand 
(mol.weight 197). 


4 


Instruments. 


4 


The Zeiss spectrophotometer mod. PMQ II 4 
monochromator M4 Q II was used with the ada 
for fluorometry, ZFM 4, including mercury k 
(Heraeus St 41), condensor lens system and ph 
multiplier tube (RCA IP 28). Quartz entity y 
used throughout. 

Absorbance curves were determined with 
Beckman mod. DK-2 recording spectrophotom 


EXPERIMENTAL RESULTS 
AND DISCUSSION 

Optical properties of tryptamine. 
Part of the U.V. absorbance curve of t 
tamine in aqueous solution is given in Fi 
It is independent of pH in the pH r 
1—10. A main absorbance peak is obt | 
around 220 nm and a lower system of p 

around 280 nm. Sjoerdsma, : Oates, 
man & Udenfriend reported an active 
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ximum at 285 nm and a fluorescence 
ximum at 360 nm in aqueous solution at 


[ 10. The activation maximum corresponds 


the absorbance peaks around 280 nm. 


lection of mercury line. 


The Hg lamp does not give a continuous 
ctral distribution of energy, but a series 
spectral lines, some of which are given in 
ble I. Around 280 nm only low energy 
es are present, among which those at 
9.2, 280.4 and 289.4 nm are the more in- 


ise and were selected for activation experi- - 


nts with tryptamine. 


termination of fluorescence maximum. 


To obtain the wavelength distribution of 
- emitted fluorescence light the instrument 
up in Fig. 2 was used. This included two 
mochromators for the selection of activ- 
ong Hg line (M,,in,) and wavelength ana- 


BORATE 
pH10 


ABSORBANCE ,1CM 


8 


i=] 


0 
250 260 270 280 290300 320 
WAVELENGTH, nm 


. 1. Ultraviolet absorbance curves for tryptamine 

he 280 nm region. 25 mg/l in borate buffer pH 

and 0.1 N HCl respectively. Measurements with 

Beckmam modell DK-2 recording spectrophoto- 

er with the respective solvents as reference 
solutions. 


Table I. Some spectral lines from the Hera- 
eus St 41 medium pressure mercury lamp. 


Relative 
Intensity 


Wavelength Relative | Wavelength 
nm Intensity nm 


579.1 
577.0 
546.1 
491.6 
435.8 
407.8 
404.7 
390.6 
365.5 
365.4 
365.0 


The values in the table were obtained with the 
Zeiss PMQ II spectrophotometer with a fixed slit 
width of 0.0033 mm. Thus the band width increased 
with the wavelength. No corrections were made for 
the variation with the wavelength of the dispersion 
of quartz and the sensitivity of the photomultiplier 
tube (IP 28). Thus the intensities at wavelengths 
below about 300 nm and at 577 and 579 nm are too 
low. 


lysis of the emitted light (M,,,.), thus con- 
stituting a complete spectrofluorometer. Uri- 
nes, standard solutions of tryptamine and 
reagent blanks were analysed after passing 
through the extraction procedure (final pH 
10). Some results are given in Fig. 3. In 
agreement with the results obtained by 
Sjoerdsma, Oates, Zaltzman & Udenfriend, 
a fluorescence maximum was obtained at 
360 nm and maximum activation was ob- 
tained at the 280.4 nm line if the difference 
in relative intensity for the 3 lines studied 
is taken into consideration. Practically the 
265.2 nm line is more efficient, however, as 
is obvious from Fig. 3. The 289.4 line was 
not more efficient than the 280.4 nm line in 
spite of the higher relative intensity. The 
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Fig. 2. Instrument setup for spectrophotofluoromet- 
ry. Mercury lamp: St 41, primary and secondary 
monochromators: Zeiss M4 Q II, phototube: IP 28. 


fluorescence curves for the urinary extracts 
are closely similar to the curve for trypta- 
mine standard, both on analysis of normal 
human urine (curve I) and during treat- 
ment with an amine oxidase inhibitor, /- 
phenylisopropylhydrazine, Catron ® (curve 
LD 


Simplified instrument setup. 


As optical filters are available in the long 
wave U.V. region from about 310 nm, it 
was possible to simplify the instrument setup 
so that only one monochromator was used, 
viz: for the selection of the activating wave- 
length (M,,im,) whereas the secondary mono- 
chromator was replaced by a filter (Fig. 4). 
The most suitable filter was found to be 
Schott UG 4 (2 mm) with a transmission 
maximum at 360 nm. Several combinations 
of activating wavelengths and filters were 
tried and the 280.4 Hg line with filter UG 4 
was found to give the best relation between 
the fluorescence intensity for sample and 
blank, and the highest specificity on analysis 
of biological samples. As mentioned above, 
somewhat higher sensitivity was obtained 
when using the 265.2 nm line but then the 
specificity was lower. To obtain a high de- 
gree of specificity in the fluorometric deter- 
mination it is desirable to work as close as 


_ 


possible .to the activation and fluorescen 
maxima. This goal is reached fairly well wit 
the selection of Hg line and filter made. 
further check of the activation maximu 
was made by measurements using the “co 
tinuous” spectral emission from a hydroge 
lamp (H 30) instead of the mercury lam 
with instrument setup as in Fig. 4 and filt 
UG 4. The activation maximum was 6 
tained at 280 nm (Fig. 5). 


Sensitivity. 

The sensitivity of the instrument w 
sufficient for the determination of the kk 
tryptamine content in normal urine (usual 
below 0.2 pg/ml ~ 1 »M/I as tryptami 
HCl) and still the sensitivity may be 3 
creased 10 times by using maximum ele 
tronic amplification. In general a slit wic 


| 


360 


a 


Db 
2 


w 
[s} 
eee 


‘URINE I 
eee 


ENERGY, arbitrary units 


~ 
~~ 


420 y 440 
WAVE LENGTE 
Tig. 3. Fluorescence curves obtained for tryptam 
solutions in borate buffer pH 10 using activat 
at the 280.4 nm Hg line and instrument setup 
in Fig, 2. All solutions have passed the extract 
procedure given in the text. The curves for uf 
extracts were obtained from the same patient bef 
(I) and during (II) treatment with the amine + 
idase inhibitor @-phenylisopropylhydrazine. 7 
upper curve (II, broken) was obtained: on: acti 
tion at 265.2 nm. 
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0.10—0.20 mm was used. This may be 
creased considerably without too much loss 
specificity, and thus sensitivity may be 
creased further. 
The activating efficiency of the 40 W Hg 
np at 280:4 nm was found to be about 360 
nes higher than that of the hydrogen lamp 
the same wavelength. This means that the 
¢ lamp — at this weak U.V. line — is as 
ficient as the 150 W xenon lamps generally 
ed for spectrophotofluorometry. The ad- 
ntage of xenon lamps is the “continuous” 
pe of high energy spectral emission, but a 


nitation is the low degree of stability of. 


e emission intensity. The Hg lamp emis- 
yn is much more stable and the somewhat 
expected finding that the emission inten- 
y at the “weak” 280.4 nm line compares 
vorably with the xenon lamps is promising 
r the determination of low concentrations 
U.V. fluorescent compounds (see, @. g., 
denfriend, Duggan, Vasta & Brodie, 1957, 
d Duggan, Bowman, Brodie & Uden- 
end, 1957). 

With the simplified instrument setup the 
eful concentration region for tryptamine 
alysis was found to be about 0.003-3 yl/ml 
the measuring solution. This corresponds 
a concentration range of about 0.002— 
ug/ml in the sample analysed with the ex- 


r. 4. Simplified instrument setup for photofluoro- 
try. The secondary monochromator in Fig. 2 
has been replaced by a filter. 


ENERGY, arbitrary units 


204 


250 300 350 
WAVELENGTH,nm 
Fig. 5. Activation maximum for tryptamine (0.3 
mg/l) in borate buffer pH 10, determined with 
instrument setup as in Fig. 4 and filter UG 4 and 
using a hydrogen lamp (H 30). The broken curve 
was obtained for a borate blank solution. 


tration procedure used. For the analysis of 
urine before and during treatment with 
monoamine oxidase inhibitors tryptamine 
standards containing 0.4 and 0.1 pg/ml and a 
blank (water) were included in each meas- 
uring series and were passed through the 
extraction procedure. Accuracy may be fur- 
ther increased by the use of internal stan- 
dard added to each sample. 

Within the concentration region given, a 
linear relationship between concentration 
and fluorescence intensity was obtained. At 
higher concentrations self-quenching was 
noticed. The lower concentration limit will 
depend on the purity of the reagents used, 
as the blank reading will be high when 
maximum instrumental sensitivity is em- 
ployed. 


Interference. 


On irradiation of tryptamine solutions at 
pH 10 and pH 1 with short wave U.V. light 
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Table II. Influence of potential interfering 

materials on fluorometric analysis using the 

procedure for tryptamine without and with 
extraction. 


Relative scale reading, 
corr., per 1.M/l 
Material 


after extaction 
for tryptamine 


directly 


Indoles 
Tryptamine 100 100 
Serotonin? 60.5 0 
N,N-dimethyl- 
tryptamine? B5)9 41.8 
Indole-3-acetic acid*® 132.5 0 
5-Hydroxyindole-3- 
acetic acid 4 94.0 0 
D,L-Tryptohan® 45.4 0 
D,L-5-Hydroxy- 
tryptophan ® 53.4 0 
p-Tyramine’ eZ 12: 
Quinidine ® 38.3 Dao 
Isopropylisonicotinoyl- 
hydrazine® 0 - 
-Phenylisopropyl- 
hydrazine !® 0 - 


1 creatinine sulfate (Sigma Chem. Co.) # hydro- 
gen oxalate (California Corp. of Biochem. Research), 
5) 5) 6) (Sigma), *cyclohexylamine salt (Calif. Corp.), 
* HCl (Hoffmann-La Roche), ® sulfate (Ph. Suecica), 

® phosphate (Marsilid®, Roche), 1° HCl reese 
Lakeside). 
(around 250 nm), rapid breakdown of tryp- 
tamine was observed (studied by U.V ab- 
sorbance, fluorometry and paper chromato- 
graphy). On irradiation at 280 nm or at lon- 
ger wavelengths for one hour no such effects 
were observed, however, when intensities 
comparable to those used in fluorometric 
assay were employed. 

Several indole compounds show fluores- 
cence properties similar to tryptamine (Dug- 
gan, Bowman, Brodie & Udenfriend). This 
is obvious from Table II. With the extraction 


procedure used, the interference from # 


acidic indole compounds and also from ser 
tonin is eliminated. N,N-dimethyltryptamit 
will interfere, but methylated tryptamines « 
not seem to be present in human urine. As 
further check of the -analytical procedur 
extracts in 0.1 N hydrochloric acid obtaine 
with the extraction method used for fluor 
metry, were evaporated to dryness and an 
lysed by two-dimensional paper chromat 
graphy (according to Jepson, 1956) in is 
propanol-ammonia (1), butanol-acetic ae 
(II). On development with Ehrlich’s re 
gent, tryptamine was the only indole cor 
pound observed. In addition small amoun 
of U.V.-absorbing material were also set 
(tyramines ?). Tyramine has different fluo 
escence characteristics and will not interfe 
in the fluorometric assay of tryptami 
(Table II). In one case treated with qui 
idine sulfate the apparent content of try 
tamine in urine was very high. This w 
shown to be due to the presence of qui 
idine in the urine (activation and flue 
escence curves, paper chromatography). T 
amine oxidase inhibitors isopropylisonie 
tinoylhydrazine (Marsilid ®) and #-phen 
isopropylhydrazine (Catron ® ) do not inte 
fere in the determination of tryptamine. — 
With the simplified instrument setup : 
qualitative check on the identity with trypt 
mine of the material determined is obtain 
Therefore it may only be used under co 
trolled experimental conditions, 7. ¢., wh 
the patient does not receive any drugs” 
when drugs given (or metabolites fre 
drugs) have been shown not to interfere 
the determination. This may be checked 
determining activation and fluorescence 
ves and/or by paper chromatography. 
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yymal values. 


Rodnight as well as Sjoerdsma, Oates, 
Itzman & Udenfriend found tryptamine 
cretion to vary within the range 25—130 
/24 hrs in normals and patients with 
rious somatic disorders. We find the same 
age of values for normals but much wider 
its for patients with various psychiatric 
orders (24—256 ug/24 hrs). The concen- 
ition in urine did not exceed 0.2 ug/ml in 
ese two groups. On treatment with various 
oamine oxidase inhibitors the urinary 


cretion of tryptamine was increased up to 


maximum of 2100 ug/24 hrs. 


This study has been supported by Anton and 
rothea Bexelius Memorial Foundation. 
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The proteins of human semen have pre- 
viously attracted little attention. The total 
protein content in the seminal plasma has 
been calculated to be about 3.5 to 5.5 per 
cent, (Huggins, Scott & Heinen, 1942). In 
some early papers 4 to 5 protein components 
could be separated by means of free electro- 
phoresis (Gray & Huggins, 1942; Ross, 
Moore & Miller, 1942). Larson & Salisbury 
(1954) demonstrated 11 fractions in bovine 
seminal plasma, most of them similar to the 
alpha-globulins of the blood plasma. 

In recent years, however, a number of 
publications have appeared about electro- 
phoretic separations of semen on different 
mediums. Paper (Keller & Tschumi, 1953; 
Obé & Hermann, 1954; Schneider, Nowa- 
kowski & Voigt, 1954; Camba & Carta, 
1954; Paolella, 1957; Fiala & Raboch, 
1958; Keutel & Gabsch, 1958; Louros, 
Kaskarelis & Gnafakis, 1960), agar (Her- 
mann, Licht, Keutel & Krug, 1958; Her- 


1 The investigation was supported by a grant 
from the foundation ‘‘Stiftelsen Thérése och Johan 
Anderssons Minne”. 
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mann, 1958) and starch-gel (Estborn ; 
Swedin, 1959; Estborn, 1959) have be 
used. The results indicate a heterogeneo 
composition of the seminal proteins wi 
generally 5 to 7 fractions. The distinction” 
up to 13 fractions has been reported 1 
Camba & Carta (1954). The identificati 
of the proteins is not yet completely esta 
lished. Albumin is considered to be prese 
in small quantities or to be absent in t 
seminal plasma. The electropherograms see 
to be subjected to considerable changes 
carried out after prolonged storing of f 
ejaculates. Some authors claim to have 4 
served differences between normal and path 
logic samples. The findings from the vario 
investigations are difficult to compare 4. 
because of the many different separati 
techniques used. 

The occurrence of zinc in the male re 
ductive organs was first demonstrated a 
discussed by Bertrand & Vladesco (192 
Since then numerous papers have appeat 
on zinc in the male reproductive organs. T 
spermatozoa and the prostatic secretion he 
been found to have an especially high e¢ 


{ 
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tration of zinc in human semen (Mawson 
Fischer, 1953). Observations by Wetter- 
(1958) indicate that the spermatozoa. 
€ up zinc in the seminiferous tubuli of 
testis and with a relatively large content 
zinc are transported through the sperm 
nsport system to the ejaculate. Very little 
ms at present to be known of the import- 
-e of this zinc. No reports of the localiza- 
n of zinc in the proteins of human semen 
m to have appeared in earlier literature. 


EXPERIMENTAL TECHNIQUES 
terial. 


freshly obtained ejaculates from 42 different 
ividuals were subjected to paper electrophoretic 
dies.2. Experiments with radioactive zinc were 
ried out on 25 ejaculates. In 5 cases studies were 
formed on seminal plasma freed of spermatozoa. 
sording to the degree of fertility in this material 
classification of Leeb (1955) was preferred, 
ere group I consists of fertile, group II of sub- 
tile, group III of definitely infertile and group 
of azoospermic ejaculates. 
To obtain seminal ‘plasma free of spermatozoa a 
thod recommended by Lagergren was used. The 
1en was carefully poured upon 60 per cent glyc- 
1 and centrifugated for 30 minutes at 3000 rpm. 
€ supernatant contained seminal plasma and was 
sroscopically checked to be free of spermatozoa. 


ber electrophoresis. 


Electrophoresis on paper was preferred to other 
diums as autoradiographs from paper are the 
iest to obtain. 

The ejaculates were stored at + 4° C until 
jected to paper electrophoretic analysis which 
s carried out 5 to 6 hours after the ejaculation. 


2 We are indebted to Dr. C. G. Lagergren, head 
the Sterility Laboratory, Department of Obste- 
-s and Gynecology, Sabbatsbergs sjukhus, Stock- 
m, for obtaining the ejaculates and for the micro- 
pical analyses. 
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Table I. The composition of 
the material. 
: Degree of fertilit 
: Experimental a 
Material technique =| Total 
II | IIl | IV 
ejaculate | paper electro- ) 42 
phoresis 
ejaculate | paper electro- 1 25 
phoresis 
with Zn® 
seminal paper electro- 0 5 
plasma phoresis 
with and 


without Zn*®* 


Horizontal strip cabinets, as described by Dettker 
& Andurén (1954), and No. 1 Whatman filter 
papers were used. The running time was 8 hours. 
anid the voltage 220 V. (The filter papers held a 
potential gradient of 6.3 V/cm.) The buffer solution 
used had a pH of 8.6 and its composition was as 
follows: Veronal sodium 91 g, 1-N hydrochloric 
acid 60 ml, barium acetate 4.8 g, ethylene glycol 
450 ml and aq. dest. to a 5000 ml dilution. This. 
buffer solution, which is slightly modified after 
Laurell, Laurell & Skoog (1956),® gives a satisfac- 
tory separation of the #-1 and B-2 fractions im 
blood serum. The strips were stained in Amido- 
schwarz. 


Radioactive zinc, Zn®, and its determinations. 
The original radioactive zinc, Zn®, was obtained’ 
from the Biochemical Centre, Amersham, England, 
as a Zn® Clo solution. The specific activity of this. 
solution was 1.055 mC/mg Zn. The original isotope 
solution was diluted with 0.85 per cent sodium: 
chloride and 0.01 ml of this solution was added to: 
0.5 ml of ejaculate at room temperature about 3 to- 


3 The modification, introduced by the Central 
laboratory of this hospital, consists of an exchange: 
of calcium acetate, used by Laurell et al., for barium: 
acetate. 
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Fig. 1. Photograph of a paper electropherogram of 
human semen illustrating the different fractions. 
Arrow indicates origin. 


4 hours after the ejaculation and thoroughly mixed. 
0.02 ml of this ejaculate was stored for 2 hours at 
room temperature containing 0.315 ~C Zn® and 
then subjected to paper electrophoresis with the 
same techihique as already mentioned. The radio- 
activity of the strips was studied by scintillation 
measurements and by autoradiography and com- 
pared with the corresponding electropherogram. 

The scintillation detector used was a Tracerlab 
P-20 AQG unit operated with a Tracerlab Auto- 
scaler. The strips were cut into 4 mm pieces and 
counted separately under identical conditions. 

For the autoradiographic studies a high speed 
film such as Gaevert no-screen X-ray film was 
used. The apposition technique was preferred and 
the exposure technique was carried out in accord- 
ance with the descriptions of Odeblad (1952). After 
exposure for 10 days the films were developed in 
Gaevert 209 A at 18—20° C and fixed in Gaevert 
Acido Fix. The films were finally washed in runn- 
ing water and dried in air at room temperature. 


RESULTS 
The electrophoretic pattern. 


It was possible to separate 5 well-defined 
fractions which for practical reasons were 
numbered from 0 to 4. The fraction which 
remained at the starting line was called the 
0 fraction. An electropherogram which is 
considered to present normal patterns is 
shown in Fig. 1. One band, the 15t, is seen to 
migrate towards the cathode, the 0 fraction 
remains at the application point and the 224, 
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q 
the 34 and the 4" fractions move towat 
the anode. : q 


Inconstantly, one to two fractions appeat 
between the 0 fraction and the 224 fracti 
and in some electropherograms one comy 
nent was seen between the 0 and the 
fraction migrating towards the cathode. | 
to 8 separate components of the electrophe 
gram could thus be demonstrated. Thi 
samples completely lacked the catho 
fractions. No protein component on 
ing to albumin in blood plasma could 
demonstrated. . : 

As a rule it was difficult to recognize a 
correlation between the appearance of — 
electropherogram “and the morphologt 
classification of the corresponding ejacula 
The three electropherograms lacking catho 
fractions, however, were all from pathol 
ical ejaculates, one being an azoospermia, ¢ 
definitely infertile and one subfertile. So 
other quantitative variations in the differ 
protein components were observed in patl 
logical ejaculates but these variati 
occurred inconstantly and were not cons 
ered to be pathognomonic. Py 

The electropherograms could not be : 
to be significantly influenced by storing ‘ 
ejaculates at room temperature or at + 4° 


* 


Fig. 2, Autoradiograph of a paper electropherog 
of human semen incubated with Zn® illustrati 
different zones. The picture is a negative 
where the white areas represent concentratio 
radioactivity. ; 
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localization of Zn8°, 

ig. 2 shows a picture of an autoradio- 
Ih which is considered to demonstrate 
nal patterns. The autoradiograph is ob- 
ed from an electropherogram of a normal 
ulate incubated with radioactive zinc. 
he main part of the activity is seen to be 
lized in three zones, which were named 
A, the B and the C zone. The A zone 
ears to be faint and corresponds to the 0 
tion in the electropherogram. The B zone 
onstrates a stronger activity and appears 
he region of the 2°4 fraction. The C zone 
ws the strongest activity and appears 
ewhat closer to the anode than the 4th 
tion in the electropherogram. The char- 
+r of the C zone was not apparently in- 
nced by variations in the protein patterns 
the paper electropherograms. This fact 
the localization of the C zone seem to 
cate that it is due to the migration of 
; Zn® ions. 
Attle difference appeared in the autoradio- 
phs of normal and pathological samples. 
> autoradiographs did not seem to be sig- 
cantly influenced by the number or the 
racter of the spermatozoa present in the 
‘ulate. Thus normal ejaculates and semi- 
plasma, freed of spermatozoa by centri- 
ation, presented autoradiographs without 
significant differences. 
xperiments were also performed to study 
correlation of zinc to the lipid materials 
the ejaculate. Chloroform was added to 
1ormal ejaculate incubated with Zn®. 
er extraction, the chloroform phase was 
jected to scintillation measurements and 
;} found to show almost no activity. This 
icates that zinc added to the ejaculate is 
attached to the lipid materials. 


DISCUSSION 
The heterogeneous composition of the 


_ proteins in human semen is further illustrated 


in this investigation. The results agree fairly 
well with those obtained by Obé & Hermann 
(1954), Keutel & Gabsch (1958) and others. 
Obé & Hermann (1954) also obtained elec- 
tropherograms with no cathodic fractions in 
3 patients with bilateral closure of the vasa 
deferentia. The absence of cathodic fractions 
might be due to disturbances in the testis epi- 
didymis function, In the present study it was 
possible to demonstrate an absence of cath- 


-odic fractions in only 3 cases of 19 ejaculates 


having a diminished number of or morpho- 
logically pathological spermatozoa. This 
further illustrates the difficulties in inter- 
preting the electropherograms obtained. 

The O fraction may possibly be due to 
proteins remaining at the point of application 
during the electrophoresis. No significant 
differences in this fraction could be demon- 
strated in azoospermic and normospermic 
ejaculates. 

The three anodic fractions were not seen 
to differ significantly in normal and in path- 
ological ejaculates, or the variations occurred 
inconstantly and were not regarded to be 
pathognomonic. 

The 2"4 fraction in the ejaculates was seen 
to migrate with the same speed as the B-2- 
globulin fraction of blood serum in electro- 
phoresis carried out under identical condi- 
tions. Keutel & Gabsch (1958) also believed 
their corresponding protein fraction, the A, 
fraction, to be identical with the @-globulins. 

Comparisons between electrophoretic stud- 
ies on semen in different investigations are, 
however, difficult because of the various 
techniques and methods used. : 
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From the autoradiographs obtained, added 
zinc appears to occur in human semen in two 
states, partly as free Zn ions corresponding 
to the C zone and partly as protein-bound 
zinc corresponding to the B zone. The A 
zone is probably due to zinc attached to pro- 
teins at the point of application. Added zinc 
does not seem to be bound to the lipid mate- 
rials. 9 
The present results do not admit a def- 
inite conclusion concerning the distribution 
of the naturally occurring zinc in the semen 
because we have not had the possibility to 
prove that the added zinc is uniformly dis- 
tributed in the zinc originally present in the 
different fractions of the samples. This dis- 
tribution might be studied in at least two 
different ways. 

One would be to examine if changes in 
the zinc distribution occur after different 
times of incubation. Because of the rapid 
change of the proteins of the seminal plasma, 
which has been reported by several authors, 
the paper electrophoresis had to be perform- 
ed as soon as possible after the ejaculation. 
This limits the time for incubation. Smaller 
variations of the time of incubation, however, 
did not seem to influence the autoradio- 
graphic patterns. 

Another way to study the zinc distribution 
would be to examine the ratio radioactive 
zinc/inactive zinc in the different fractions 
of the semen. Such an investigation involves 
several difficulties. It is, however, planned 
to be carried out by the use of preparative 
electrophoresis. 

Mawson & Fischer (1953) observed that 
in the human ejaculate much zinc was derived 
from the prostatic secretion. Investigations 
on rats by Wetterdal (1958) indicated that 


the spermatozoa contain a high soon 
zinc as does the seminal plasma. The n 
part of the plasma zinc probably origin 
from the prostatic secretion. It seems 4 
possible that the main part of the prot 
bound zinc in the present investigatior 
derived from the prostatic secretion. I 
hoped that hormonal studies in this field 
give further information. 


n 
’ 


SUMMARY 


Paper electrophoretic studies of hu 
semen were undertaken. It was possibl 
separate 5 well-defined protein fraction 
pH 8.6, one migrating towards the cath 
one remaining at the starting line and d 
anodic bands. There seemed to be no sig 
icant relationship between the appearance 
the different protein components of 
electropherograms and the clinical pictur 
fertility. The absence of the cathodic: f 
tions, however, might indicate a disturb: 
of the reproductive function resulting in| 
grade fertility. é 

In an attempt to examine the distribu 
of zinc in the different fractions of hu 
seminal fluid, samples of this fluid fron 
men were incubated with radioactive 
and subjected to electrophoresis. By m 
of autoradiography and scintillation m 
urements, part of the zinc added to the 
ulate was found to migrate together w 
protein component with the same spee 
B-2-globulin of blood serum. This “pro 
bound” zinc could not be shown to be si 
icantly influenced by the number or the 1 
phology of the spermatozoa. Part of 
added zinc in the ejaculate seems to exi 
a free state. . 


; 
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AN IMPROVED METHOD FOR 
THE ESTIMATION OF SMALL QUANTITIESSOFR 
ALKALI-RESISTANT HEMOGLOBIN IN BLOOD 
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From the Central Laboratory, Amtssygehuset, Arhus, Denmark 
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The distinction between fetal hemoglobin 
(Hb-F) and adult hemoglobin (Hb-A) is 
well known through the great difference in 
their resistance towards denaturation by 
strong base (Korber 1866). Hb-F is much 
more slowly converted into alkaline hematin 
and denatured globin than is Hb-A, and this 
forms the basis of several methods for the 
estimation of Hb-F. The one-minute alkali- 
denaturation test developed by Singer, Cher- 
noff & Singer (1951 a)and the direct specto- 
photometric method of Brinkman & Jonxis 
(1935) have both found wide application. A 
number of modifications of these two prin- 
ciples have been proposed (Beaven, Hoch & 
Holiday 1951; Derrien & Laurent 1954; 
Kinzer 1955; Jonxis & Visser ; 1956; Fisher 
1957). 


Generally, Hb-F is identified with alkali-resistant 
hemoglobin (A-R-Hb). However, this assumption 
cannot be universally accepted, especially not when 
measuring small amounts of this pigment. This 
problem will be discussed. later. 

The difference in alkali-resistance is only one 
aspect of the many differences between Hb-F and 
Hb-A, which are confined to the globin moiety, 


i el a 


a 


both pigments containing identical heme grou 
Estimations of Hb-F and Hb-A, based on 
ferences in alkali-résistance, antigenic prop 
electrophoretic and chromatographic behavior 
spectrophotography in the region of the tryptog 
band, indicate that the major pigment in red 
of new-born children is Hb-F in amounts rat 
from 50 per cent to 90 per cent of total hemog 
(Beaven & Gratzer 1959). The Hb-F of in 
decreases during the first months to assume 
proportions of Hb-F found in older normal chi 
and in adults, z.c. less than 2 per cent. The es 
tion of such low percentages of Hib-F by a 
denaturation methods is, however, inaccurate 
results obtained by different procedures show 
siderable dispersion. ; 
Determination of low percentages of Hb-F 
interest because it opens possibilities of elucic¢ 
transplacental transmission of fetal blood, « 
determination of increased amounts of HDF 
maternal blood, and it has aroused attention a 
obstetricians and pediatricians. For this Pe 
alkali-denaturation methods have mostly 
applied (Christensen, Kissmeyer-Nielsen & L 
Jepsen 1960). But the possible increases in 
in the maternal blood caused by fetal transpl 
bleeding will in most cases be so small that 
of far higher sensitivity than the existing or 
needed. 


The need for a method of higher sensiti 
also apparent from the studies of Hb-F le 
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- hematological disorders (Beaven & White 
; Kornerup & Faber 1956; Beaven, Ellis & 
te 1960). 


mple physical reasoning will show that deter- — 


tion of small proportions of Hb-F by the one- 
tte alkali-denaturation method cannot be reli- 
since the absorbance at the wavelength em- 
ad (540 nm) is too low for exact measurement. 
hermore, a relatively great part of the residual 
rbanice, 7.e. the absorbance after denaturation 
removal of the denatured pigment, is not rep- 
ited by Hb-F (Beaven e¢ al 1960). Falbe-Han- 
(1959) has carried out spectrophotometric 
es, indicating that the allkali-resistant residue 
med by the method of Singer et al. consists of 
ral components, among them native oxyhemo- 
in. From these findings it follows that low 
sntages of Hb-F are found too high, the error 
asing on decreasing values. 


lighly sensitive methods for determina- 
of Hb-F have been described, one based 
antigenic properties of Hb-A and F 
ernoff 1953 b), and another based on 
li-denaturation combined with trypto- 
ne band spectography (Beaven et al. 
)), but the alkali-denaturation test has 
obvious advantage of being technically 
y simple. Therefore, the possibility of 
sloping a more sensitive and more speci- 
alkali-denaturation test was examined. 
procedure finally adopted is a modified 
minute alkali-denaturation method, cap- 
of detecting Hb-F at the 0.1 per cent 
|. The increased sensitivity was obtained 
reading the residual absorbance in the 
st band (412—415 nm). By altering the 
nique of precipitation and removal of 
itured pigment before the spectrophoto- 
ric reading of the residue, a more speci- 
method for the determination of Hb-F 
developed. 


METHOD 

Reagents 

a. Toluene. 

b. Ammonium hydroxide 0.004 per cent. 

c. Denaturation reagent: N/10 sodium hydroxide. 

d. Precipitating reagent: 150 g (NHy4)9SOq4 are 
dissolved in 200 ml distilled water to make 280 
ml saturated (NH4)9SOx4 solution. 10 ml N HC1 
and distilled water are added to make 400 ml. 


Equipment 
Centrifuge tubes — round bottom — 15 ml 
volume. 
Thermostatic water-bath at 25° C + 0.1° C. 
Stopwatch. 
Pipettes of 25 ul, 500 wl, 4.00 ml, and 10.00 ml. 
Spectrophotometer (Zeiss spectrophotometer, 


model M4Q was used in these experiments). 


Procedure 

Hemoglobin solutions (hemolysates) are pre- 
pared from heparin blood. Plasma is discarded and 
the erythrocytes are washed three times with 1.2 
per cent saline and lysed by adding 1.5 volume 
ammonium hydroxide and 0.5 volume toluene, 
shaking vigorously for 10 minutes. After hard 
centrifugation (2000 G for 20 minutes), the two 
upper layers are discarded. 

500 #1 hemolysate are added to 4.00 ml NaOH, 
preheated to 25° C. After one minute (stopwatch), 
8.50 ml precipitating reagent are added and the 
tube is inverted six times and placed in a refrigera- 
tor for at least one hour before centrifugation at 
2000 G for one hour. 

The absorbance (Aj) in the supernatant is read 
at the maximum (413 nm) of the Soret band in 
20 mm cuvettes. For determination of the absorb- 
ance before denaturation (Ag), the hemolysate is 
diluted about 4000 times (D) with a mixture of 8 
volumes NaOH, 17 volumes precipitating reagent 
and one volume distilled water (diluting mixture), 
which also serves as blank. 

The proportion of A-R-Hb in per cent of total 
Hb is calculated on the basis of the equation: 

Ai x 26 x 100 


= per cent A-R-Hb 
Ui oes 1D) 


D expresses how many times the hemolysate is 
diluted for determining Ag. 
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Fig. 1. Absorption curve of native hemoglobin, 


region 325 to 600 nm (——— ), and of the one- 
minute residual hemoglobin from blood containing 
0.8 per cent A-R-Hb (------ Ne 


Accuracy 


The standard deviation: 
See 
= 1 
2n 


calculated from 100 double analyses is found to be 
+ 0.012 per cent for the values of A-R-Hb rang- 
ing from 0.07 per cent to 1.25 per cent. 

The following recovery experiments were per- 
formed : 

Different small amounts of hemolysate from cord 
blood containing 55.5 per cent A-R-Hb were added 
to each of 13 hemolysates from adults. The percent- 
ages of A-R-Hb were determined before and after 
the addition of cord blood hemolysate. The amounts 
of added A-R-Hb were calculated at 0.17 per cent 
— 0.74 per cent of total hemoglobin, and the cor- 
responding recovered amounts ranged between 0.16 
and 0.75 per cent. The results recorded in Table II 
show good agreement between calculated and re- 
covered proportions of A-R-Hb. All values re- 
corded are the mean values of duplicate determina- 
tions. 


S. D. 


EXPERIMENTAL 
A. Choice of wavelength 
The Soret band maximum was chosen be- 
cause the absorbance of hemoglobin is here 
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3 
about 9 times that of the visible maxi 
(Harboe 1959). The absorption maximum 
oxyhemoglobin lies at 412—415 nm (J 
1949; Hunter 1951; Beznak 1953; Hari 
1949). Fig. 1 shows an absorbance curve 
native hemoglobin with maximum at 4131 


B. Precipitation and removal of denatu 
hemoglobin 

It is of essential importance that the p 
pitation procedure and the removal of de 
tured hemoglobin are complete without ¢ 
comitant precipitation or removal of nat 
hemoglobin. For removal of the precipit 
filtration and centrifugation were examif 
Filtration was found unsuitable, since a rm 
tively high proportion of diluted hemogle 
solutions from 1 to 60 mg/100 ml was for 
to be adsorbed on various filters. In Tabl 
the results of these experiments are prest 
ed, together with the effect of centrifugat 
on diluted hemoglobin solutions. It will 
seen that centrifugation is the method 
choice for removing the precipitate with 
loss of native hemoglobin. This conclus 
agrees with that of Fisher (1957). 

The influence of the ammonium sulpl 
concentration on the degree of precipital 
of denatured hemoglobin and of denatu 
hemoglobin + a small amount of A-R 
added from cord blood was also stu 
Denatured hemoglobin was prepared 
adult hemoglobin by denaturation for — 
hour. 

The pH of the final solutions was 
between 7.3 and 7.5, by altering the vol 
of HCl in the precipitating reagents i 
cordance with the varying ammonium 
phate concentrations. 

The results of the experiments are sh 
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ig. 2, in which the residual absorbance 
inate) are plotted against ammonium 
late concentrations in the final solutions 
sissa). The precipitation of denatured 


le I. The absorbances of hemoglobin solu- 
before and after filtration (A: Columns 
1d III) with different filters, and before 
after hard centrifugation (B: Columns 
nd II). The solutions with hemoglobin 
entrations of 1 to 10 mg/100 ml are read 
13 nm and those with hemoglobin concen- 
ns of 10 to 60 mg/100 ml at 540 nm. 
percentage losses of hemoglobin by fil- 
mm and centrifugation are recorded (A 


and B: Column IV.) 
II III IV 
el- | Absorbance | Absorbance | Loss of Hb 
h before after by Filtration 
y Filtration Filtration (per cent) 
0) 0.432 0.380 12 
) 0.515 0.440 13 
i) 0.035 0.017 51 
i) 0.037 0.016 57 
3 0.320 0.282 12 
3 0.134 0.100 25 
3 0.084 0.054 36 
3 0.470 0.243 48 
3 0.485 0.245 49 
3 0.433 0.124 Hil 
Before after Loss of Hb 
Centri- Centri- by Centri- 
fugation fuyation fugation 
0 
0.6 
eS 
0.8 
12 
0.8 
de, 
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0,300 


0.200 


ABSORBANCE IN. SUPERNATANT 


0100 


SS 
20 30 40 : 50 60 
PERCENTAGE (NH,) . $0, SATURATION IN THE SUPERNATANT. 


Fig. 2. a. Residual absorbance (ordinate) plotted 

against percentages of (NH 4)2SOy-saturation (ab- 

scissa) in the supernatant after precipitation and 
hard centrifugation. pH 7.3 to 7.5. 


b. Same experiment as in a, except that 0.7 per cent 
A-R-Hb was added from cord blood. 


hemoglobin (Fig. 2, curve a) increases until 
about 40 per cent saturation and is then con- 
stant and practically complete. Fig. 2, 
curve b, represents the results of precipita- 
tion of denatured hemoglobin + 0.7 per cent 
A-R-Hb. It will be seen that no native hemo- 
globin is precipitated until the saturation is 
close to 50 per cent. On the basis of the 
above it is concluded that a saturation about 
45 per cent will give the most complete 
precipitation of denatured hemoglobin with- 
out precipitation of native hemoglobin. For 
practical reasons, a 45.8 per cent saturation 
with ammonium sulphate was chosen, as this 
degree of saturation will results from a 
mixture of 4 ml NaOH + 0.5 ml hemo- 
lysate + 8.5 ml precipitating reagent (70 per 
cent saturated ammonium sulphate). 

From Fig. 2, curve a, it appears that the 
precipitation of denatured hemoglobin at 
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Table II. The results of 13 recovery experiments. To each hemolysate 

from normal adults was added a calculated amount of A-R-Hb from cord 

blood (column V). The proportions of A-R-Hb were determined before 

(column II) and after (column HI) the addition of A-R-Hb and the 

differences are recorded (column IV). The A-R-Hb recovered in per cent 
of calculated are recorded (column VI). 


‘ 
7 


‘. Lie ee 


I II III 
A-R-Hb in | A-R-Hb in 
Blood 1 blood before | blood after 
bait Neo ©| adding cord | adding cord 
a blood % of | blood % of 
total total 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 0.07 0.62 
11 0.05 0.21 
12 0.09 0.34 
13 0.10 0.36 


45.8 per cent saturation is practically com- 
plete, and the mean residual absorbance from 
10 experiments at this saturation was found 
to be 0.013, representing 0.025 per cent + 
0.0047 per cent of the absorbances before 
denaturation. 


C. Studies on the residue 

The residue after one minute’s alkali- 
denaturation (one minute’s residue) of hemo- 
lysates from cord blood, adult blood and 
mixtures of these are studied by determina- 
tion of alkali-denaturation rate and absorp- 
tion curve. The denaturation-rate is deter- 
mined by the present method with denatura- 
tion times varying from one to thirty 


Difference of | Calculated 
A-R-Hb be- 
fore and after] R-Hb added | per cent of 
adding cord 
blood % of 

total 


VI 
A-R-Hb re- 
covered in § 


IV Vi 


per cent of A- 


to blood calculated 


0.55 
0.16 
0.25 
0.26 


= 
i=) 
J 

6 eee ee ee 


' 
minutes for cord blood at intervals 
depicted (Fig. 3), and from one to thre 
four minutes for 6 adult hemolysates and 
5 mixtures of adult and cord blood he 
lysates at one minute intervals (Fig. 4). 
percentages of unchanged hemoglobin (¢ 
nate) are plotted logarithmically age 
time (abscissa). The one minute’s residu 
cord blood was found to be 55.5 per cer 
total hemoglobin, and the one mint 
residues in Fig. 4 ranged from 0.08 to 
per cent of the total. In Fig. 5 the c 
from Fig. 3 and Fig. 4 are depicted wi 
values of one minute’s residues transf 
to the same point, in order to compar 
slopes of the curves. 
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100 
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x. 3. Alkali-denaturation rate plots for cord blood 
hh a one-minute residual hemoglobin value of 
55.5 per cent. 


The one minute’s residues from adult 
yods show a denaturation rate with same 
w slope as cord blood, indicating that the 
€ minute’s residues from adults are the 
me as the major pigment from cord blood. 
‘obably, both can be identified with Hb-F. 
oreover, the experiment shows that all 
cali-labile hemoglobin (Hb-A) is dena- 
red in one minute. 

After denaturation as described above, 
lowed by precipitation and removal of 
natured hemoglobin, the absorption curve 
the one minute residue was examined 
mm 325 to 600 nm. The results are depicted 
Fig. 1 (dotted line) and compared to an 
sorbance-curve for native hemoglobin (un- 
aken line), indicating that the two curves 
> very similar. 


DISCUSSION 
Since its introduction by Singer, Chernoff 
Singer (1951a), the one-minute alkali- 
naturation test has been extensively used 
the estimation of Hb-F. It rests on the 
sumption that under the particular con- 
ions, all the Hb-A is denatured, whereas 


the major part of Hb-F remains unchanged 
and is retained in solution. 

The amount of residue is assumed to be a 
measure of the Hb-F contents of the sample, 
provided that the residue is not less than 
2 per cent. This was suggested by Singer 
and co-workers, since normal adult blood 
gave residues of 0.5 to 1.7 per cent, and iden- 
tical residues were obtained even after pro- 
longed denaturation. They did not assume 
that residues below 2 per cent consisted of 
Hb-F. It was proved (Jonxis & Huisman 
1956 b; Beaven e¢ al. 1960) that by the meth- 
od of Singer et al. low percentages (2 to 10 
per cent) of Hb-F are found too high. Fisher 
(1957) emphasized that filtration as applied 
by Singer et al. and other researchers, is not 
a good method for separating the precipitated 
denatured hemoglobin from the remaining 
native hemoglobin, since adsorption of hemo- 
globin onto the filter also introduced errors. 
In the present work, the errors caused by 


—— 
—— 
0.1 SU Sige ce. See 
. te 
t 
7 Resi 
0 1 3 4 5 
Minutes —> 


Fig. 4. Alkali-denaturation rate plots for 11 adult 

bloods, to 5 of which was added a small quantity 

of A-R-Hb from cord blood, so that the one-minute 

residual hemoglobin values ranged from 0.08 per 
cent to 0.71 per cent. 
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Fig. 5. Denaturation rate curves from Figs. 3 and 
4, transferred to the same level, making the slopes 
of the curves comparable. 


incomplete precipitation of denatured hemo- 
globin and by filtration are studied by spec- 
trophotometric measurements in the Soret 
band, which has nine times higher absorbance 
than the visible bands (540 and 576 nm), as 
demonstrated in Fig. 2 and in Table I. 

For precipitation of denatured hemoglobin, 
Singer et al. used 33 per cent saturation with 
(NH,)9SO, in the final solution. From the 
precipitation experiments shown in Fig. 2, 
it appears obvious that Singer’s (NH,).SO,- 
concentration is too low, which explains the 
increase of residual hemoglobin on decreasing 
percentages of Hb-F. 

By the present method, the proportion of 
residual hemoglobin, which is not native 
hemoglobin, is reduced to about 0.025 per 
cent of the total hemoglobin. 

The percentage of A-R-Hb, measured by 
the present method, cannot be considered 
actually the same as the real amount of Hb-F 
in the blood, since a possible formation of 
methemoglobin-F in the hemolysate will in- 
fluence the values of A~-R-Hb. Betke (1954) 
found that by the employed method it is very 
difficult to obtain a hemolysate containing 


t 


less than 5 per cent methemoglobin. Me 
hemoglobin-F is denatured just as quickly < 
oxyhemoglobin-A, (Beaven ef al. 1960), an 
consequently this oxidized pigment will n 
be represented in the one-minute alkal 
denaturation residual pigment. 

Moreover, a correction for the sma 
amount of Hb-F denatured in one minw 
would have to be inserted into the calcul 
tion by extrapolating the denaturation ra 
curve to zero time. With the presel 
technique, the alkali-denaturation rate of fl 
major pigment from cord blood shows a fr 
action of apparent first order kinetics for < 
minutes, but it has not been general 
accepted that the alkali-denaturation real 
is a reaction of first order (Betke 1954 
Therefore, this correction has not been i 
serted in the present work. { 

Until the influence of methemoglobin fo 


-mation in the hemolysates and the alkal 


denaturation reaction have been  furth 
elucidated, the values obtained by the pr 
sent method as well as by other denaturatic 
procedures should be termed alkali-resista 
hemoglobin. ; ; 
However, the reproducible values of A-] 
Hb obtained through the present recovel 
experiments indicate that the method dey 
loped is more sensitive and more specific fi 
estimation of Hb-F than other metho 
based on alkali-denaturation, and the meth 
is supposed to be applicable in investigati 
of transplacental feto-maternal bleeding. 


SUMMARY . 


The development of a method, suitable f 
the estimation of small amounts of alka 
resistant hemoglobin (A-R-Hb) is describe 
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s procedure adopted is a modification of 
one-minute alkali-denaturation test of 
ger et al. and is capable of detecting A-R- 
at the 0.1 per cent level. 
‘he increased sensitivity was obtained by 
suring at the Soret band. 
sy an improved technique of precipitation 
| removal of the denatured pigment be- 
> spectrophotometric reading of the resi- 
1 unchanged hemoglobin, the method be- 
ve more specific for determination of 
-F. 
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Ungar & Mist (1949) and Ungar, Dam- 
gaard & Hummel (1953) observed that 
fibrinolytic activity appeared in isoelectric- 
ally precipitated euglobulin when guinea-pig 
serum, before precipitation, was incubated 
with peptone or various other compounds, 
including some of polysaccharide nature. 

Personal observations (Olesen 1957, 1959 
a, b, c) partially confirmed the findings of 
Ungar et al.; they indicated also that this 
type of activation of fibrinolysis could be the 
result of an interaction between anionic poly- 
electrolytes and an activator system in 
guinea-pig serum leading to release of a 
plasminogen activator, which in turn, acting 
on plasminogen, produced plasmin. Experi- 
ments on human and guinea-pig serum (Ole- 
sen 1959b), in an attempt to produce fibri- 
nolytic activity either by streptokinase or by 
a purified peptone preparation (Astrup & 
Olesen 1957), indicated that the ‘peptone 
effect’ in guinea-pig serum is produced by 
an activator system which is different from 
the human ‘proactivator system’ (in the 
sense of Mullertz & Lassen 1953) involved 
in the activation produced by streptokinase. 
Treatment with peptone produced no fibri- 


a 


a ee Bon —— 


nolytic activity in the human serum invé 
igated. : 

However, the negative results with sert 
did not rule out the possibility of a ‘pepto 
effect’ in human blood, since the necessa 
precursor system might have been adsorb 
on fibrin during clotting, or for some ott 
reason be absent from serum. Therefore, 
this study, human plasma as well as sett 
were investigated with respect to their abil 
to yield fibrinolytic activity when submit 
to isoelectric precipitation in the presen 
peptone or acid polysaccharides. 


MATERIALS AND METHODS 


Human blood samples from healthy donors 7 
collected each in two centrifuge tubes ct 
1/10 volume of either a 2 per cent solution 
potassium oxalate or a 0.9 per cent sodium - 
solution. Serum, after spontaneous coagulation, 
oxalate plasma were separated by centrifugati 
The samples were used for experiments withi 
few hours, or kept at —20° for later use. 
‘Purified peptone’ was prepared from comm 
peptone (kindly supplied by the Roskilde M 
Company Ltd., Roskilde, Denmark) as describ 
Astrup & Olesen (1957). Acid polysaccharides 
heparin was kindly supplied by Messr. Hoffma: 
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che & Co., Basel. Cellulose trisulphuric acid 
dium salt), prepared according to Astrup, Gals- 
r & Volkert (1944), was placed at my disposal 
Dr. T. Astrup. 

The samples to be tested for fibrinolytic activity 
re prepared by isoelectric precipitation of plasma 
serum in the presence of either ‘purified pep- 
re’ or one of the acid polysaccharides: One 
ume of serum was diluted twentyfold with HO 
1 added to one volume of a solution of the ac- 
ating compound ; pH was adjusted to 5.4, and the 
ulting precipitate was separated by centrifuga- 
n. The precipitate was redissolved in one volume 
saline barbital buffer (0.05 M, containing 0.1 
NaCl; pH 7.75). Abl procedures were per- 
med at room temperature unless 
ted. 

Fibrinolytic activity was estimated by the fibrin 
te method of Astrup & Maiillertz (1952) on 0.1 
- cent bovine fibrinogen clotted by bovine throm- 
' (as kindly supplied by the Leo Pharmaceutical 
.. Copenhagen). Protease activity was estimated 
fibrin plates heated at 85° for 45 min. according 
Lassen (1952). Fibrinolytic activity is expressed 
the diameter product (mm?) of the lysed zone 
er 18 hours incubation at 37° (average of 3 
erminations). Since the susceptibility of the fibrin 
strates could vary from batch to batch, direct 
nparisons were made in simultaneous assays on 
rin plates prepared from the same batch of 
rinogen. 


RESULTS 


‘Purified peptone’. Fig. 1 demonstrates a 
ical finding of fibrinolytic activity in 
globulin prepared by isoelectric precipita- 
n of human serum or plasma. Peptone 
aduced slight activity in serum, but con- 
erably higher activity in the plasma. 
sontaneous’ activity — which here means 
: fibrinolytic activity appearing in the 
sence of added compounds — was occa- 
nally observed in the plasma samples. This 
ivity was small and often recognizable 


otherwise 


2 
mm [ NORMAL mnt HEATED 
100-LFIBRIN p+ 75, FIBRIN 


st 254% Se aps 
° ; 
ae &. Ro ie oe 


0 50 


Fig. 1. Dilution curves showing the fibrinolytic 
activity of human serum (S) and plasma (P), after 
an isoelectric precipitation, either in the absence 
(S®, P®) or the presence (St, P+) of ‘purified 
peptone’. Abscissa: Concentration of the test solu- 
tion in percentage of stock solution. Ordinate: 
Fibrinolytic activity om normal and heated fibrim as 
diameter product (mm?) of lysed zones. 


100% 0 50 


100% 


only on heated fibrin (as seen in Fig. 1) — 
probably because inhibitory substances con- 
taminating the bovine fibrin are destroyed 
by heating (Lassen 1952). Lysis of heated 
fibrin indicated that an active protease was 
present in the precipitates; lysis of normal 
fibrin could be due also to activation of 
bovine plasminogen (present in the normal 
fibrin substrate) caused by an activator in 
the solutions. 

B-heparin and cellulose trisulphuric acid. 
In experiments on guinea-pig serum, these 
acid polysaccharides had proven most effec- 
tive in producing fibrinolytic activity (Ole- 
sen 1959b). Results obtained on human 
blood with these two compounds are pre- 
sented in Fig. 2. Both were able to induce. 
some fibrinolytic activity in plasma, whereas 
they produced very little, or no activity in 
the corresponding samples of serum. The 
highest activities appeared at about 1/16 mg 
of the compounds per ml of plasma. 

These results are representative for the 
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Fig. 2. Fibrinolytic activity of serum and plasma 

after precipitation in the presence of various con- 

centrations of B-heparin or cellulose trisulphuric 

acid. Abscissa: mg of added compounds per mi of 

serum or plasma (Logarithmic scale). Ordinate: 
Fibrinolytic activity. 


findings in a number of similar attempts to 
produce fibrinolytic activity in normal human 
serum and plasma by means of anionic poly- 
electrolytes: Plasma regularly yields some 
fibrinolytic activity, whereas serum only 
occasionally does. 

An exception to the rule that plasma gives 
higher activity than serum was observed in 
specimens obtained during pregnancy, see 
Fig. 3. In four cases investigated — two in 
the second trimester, and two at term — 
serum produced nearly the same activity as 
plasma, after a precipitation in the presence 
of ‘purified peptone’. As yet no explanation 
for this observation can be given. 

Heparin-plasma (0.1 mg per ml of blood) 
has also been examined and compared with 


oxalate plasma; none of the samples w 
heparin showed any activity after precipi 
tion, whether ‘purified peptone’ was ad¢ 
or not (cf. the inhibitor effect produced 
guinea-pig serum by larger concentratic 
of heparin, Olesen 1959 b). : 

Spontaneous activity. Various reports _ 
dicate that the fibrinolytic activity in sh 
blood may disappear rapidly. Thus, Fearn 
& Lackner (1955) demonstrated a ‘lak 
fibrinolytic component’ in diluted blood 7 
plasma from healthy persons. ; 

In our normal procedure no special p 
cautions were taken to conserve any pal 
cularly labile factors. Blood or plasma ¥ 
often kept for 1 or 2 hours at room tem 
rature before the assay (or before it y 
frozen for later use). These circumstani 
had no demonstrable influence on the caj 


ee? on 
50 100 0 50 100 0 50 100 


Fig. 3. Blood samples from four pregnant won 
The fibrinolytic activity of serum and plasma a 


0 50 100 0 


precipitation in the absence (S®, P®) or in 

presence (St, P+) of ‘purified peptone’. Absci. 

Percentage of stock solution. Ordinate: Fibr 
lytic activity. 
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. of plasma to produce fibrinolytic activity 
er precipitation in the presence of ‘pur- 
d peptone’. Even plasma which had been 
for several hours at room temperature 
duced fibrinolytic activity of the same 
gnitude as was obtained in fresh plasma. 
is suggests that the activation produced 
peptone depends on factors which are 
ble at room temperature. 


dowever, ‘spontaneous’ activity might be 
sed by labile agents as suggested by the 
ults of the following experiment. From 
* person eight consecutive blood samples 
re taken at 20 minute intervals. 
ated blood was immediately placed in 
‘water for 5 minutes before centrifugation. 
ereafter the plasma was diluted with ice- 
d water, with or without addition of ‘pur- 
d peptone’, adjusted to pH 5.3 to 5.4, 
| after a few minutes centrifuged for 
aration of the precipitates. These were 
solved in buffer at room temperature and 
nediately applied to the fibrin plates, so 
t this step was accomplished about twenty 
mites after the withdrawal of each 
od sample. All of these samples (two are 
wn in Fig. 4A) showed considerable 
mntaneous’ activity, varying from sample 
sample, but all of the same magnitude, 
| with no apparent relation to any known 
ditions (e.g. the fasting state of the 
ior, or the ‘stress’ represented by re- 
ted venepunctures). The use of ‘purified 
tone’ had little or no effect on lytic activ- 
on normal fibrin, but it produced some 
‘ease in the activity recorded on heated 
in. The plasma left over from this experi- 
it was cooled and placed in the deep- 
ze after the individual samples had been 
t for 1 to 3 hours at room temperature. 


The © 


2 
mm 


mm* mm? mm? 
200, NORMAL FIBRIN p+ 200 + NORMAL 
7X po pt 
100 
Oo 
0 Si ae 
0 50 100%0 50 100% 0 50 100% 


Fig. 4. ‘Spontaneous’ fibrinolytic activity of human 

plasma (P°) compared with ‘peptone-induced’ activ- 

ity (P+), using a ‘cold-technique’ applied to (A) 

samples of fresh plasma, or (B) plasma one day 

old (for further details see text). Abscissa: Per- 

centage of stock solution. Ordinate: Fibrinolytic 
activity. 


The following day this pooled plasma was 
again tested in the same way (Fig. 4 B). The 
‘spontaneous’ activity of the fresh plasma 
had now completely disappeared, whereas the 
activity produced by peptone was of the same 
order as the day before (the results were 
recorded on fibrin plates prepared from the 
same batch of fibrinogen as used the day 
before). Precipitation of the pooled plasma 
at room temperature produced the same 
result as in ice-water. 


DISCUSSION 

The experiments presented here demon- 
strate that fibrinolytic activity can be in- 
duced by subjecting normal human plasma, 
but usually not serum, to an isoelectric pre- 
cipitation in the presence of peptone or acid 
polysaccharides. From analogy with the cor- 
responding reaction in guinea-pig serwuan 
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(Olesen 1959 a,b, c) this result is considered 
to indicate that human plasma contains a 
plasminogen activator system which is 
similar to that in guinea-pig serum, and is 
activated by the same procedures. The effect 
of peptone or of acid polysaccharides in in- 
ducing fibrinolytic activity differs from the 
activating effects produced by streptokinase, 
tissue activator, or urine activator, since the 
latter compounds produce activation by 
simple addition to a system containing the 
necessary precursor(s) (plasminogen — and 
in the case of streptokinase also ‘proacti- 
vator’). 

The fact that a ‘cold technique’ revealed 
‘spontaneous’ activity of isoelectrically pre- 
cipitated human plasma-euglobulin of the 
same magnitude as the activity produced in 
the presence of peptone (Fig. 4A) is con- 
sistent with the hypothesis that in either case 
the same ‘activator system’ is involved in 
the formation of fibrinolytic activity (cf. the 
similar conclusion with reference to guinea- 
pig serum, Olesen 1959 a). 

The observation (Fig. 4 B) that the ‘spon- 
taneous’ fibrinolytic activity had disappeared 
from plasma after storage while the peptone- 
induced activity remained unaffected is no 

contradiction to this concept. The activating 

agent causing ‘spontaneous’ activity could 
exist in a labile form, which during storage 
combines with other plasma constituents to 
give a more stable, probably inactive, com- 
plex, from which it is no longer released by 
simple precipitation, but still can be reacti- 
vated by the interactions produced by pep- 
tone or acid polysaccharides. 


The results in this paper indicate that the 
‘activator system’ responsible for the activity 
produced by peptone or acid polysaccharides 


a | 


is in general considerably less potent 
human serum than in human plasma. T 
condition corresponds with the observat 
by Halse (1948) that heparin could 7 
lysis of fibrin clots submerged in hu 
plasma or serum, but far more pronoun 
in the plasma. Halse assumed that a ~ 
factor’ necessary for the activation of 
nolysis by heparin was present in h 
plasma, but lacking in serum. Although 
experiments cannot be directly compare 
seems probable that Halse’s ‘co-factor’ | 
responds to our ‘activator system’ ; es 
because heparin is one of the acid p 
saccharides which exert a typical fibrinoly 
inducing effect in.guinea-pig serum (Ok 
1959: 5). 

The difference between serum and oil 
could be due to adsorption of the active 
tor on fibrin when the blood is allo 
to clot. In support of this view, it was 
served during the present work that fibr 
lytic activity could be eluated from hu 
blood clots by means of a buffered solu 
of commercial peptone. No demonstt: 
activity was obtained when buffered sa 


was used instead of the peptone solution. 


The demonstration that human pla 
contains a precursor system that mi 
possible the formation of fibrinolytic act 
by a precipitation in the presence of pep 
or acid polysaccharides suggests that 
‘activator system’ could be involved i 
control of fibrinolysis in the human 
ism, 


' 
SUMMARY 


Fibrinolytic activity can normally 
duced in human plasma by an is 
precipitation in the presence of pept 
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polysaccharides. Human serum similarly 
ed in general gives much less or no 
ity. The process of activation in human 
na appears similar to that occurring in 
ea-pig serum. It depends on an ‘activator 
m’ different from the ‘proactivator 
m’ involved in the activation of fibrino- 
by streptokinase. 

ye observations suggest that the same 
yator system’ can be responsible for the 
rrence of ‘spontaneous’ fibrinolytic 
ity in isoelectrically precipitated human 
na. 

1e ‘activator system’ under consideration 
1 participate in the physiological control 
brinolysis. 
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The activity of carbonic anhydrase can be 
determined by three methods, manometric, 
electrometric and colorimetric. The mano- 
metric procedure (Roughton & Booth, 1938 
and 1946) is considered to be the most reli- 
able but technically difficult. Both the elec- 
trometric (Wilbur & Andersson 1948) and 
colorimetric (Philpot & Philpot 1936 and 
Roughton & Booth 1946) methods are 
- founded on the change of pH, when H,CO, 
is formed from CO, and H,O, implying an 
increase of the acidity. The enzyme activity 
is then calculated as the inverse value of the 
number of seconds required to obtain a cer- 
tain of pH. It may therefore be remarked 
that the enzyme has to react during a con- 
tinuous change of pH, which will give a con- 
tinuous fall of its activity. It may also be 
observed that some indicators inhibit the en- 
zyme. These disadvantages diminish the 
reliability of the electronic and colorimetric 
methods. 


In this paper a new modification for deter- 
mination of carbonic anhydrase activity is 
presented. The pH of the solution is kept 
constant during the entire determination. 
A preliminary note on the method has pre- 
viously been published (Holmgard 1960). 
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The reaction is performed in an autom 
titrator. Similar methods have been deseri 
for other enzymes, for instance acetylel 
inesterase. When CO, reacts to H,COs, 
appropriate quantity of NaOH for m 
tance of a constant pH is automatically 
continuously added. 


METHOD 
Buffer solution: Sodium barbital 4.536 g/1, 
8.15. 
Substrate: Water, saturated with CO:.CO3 


is bubbled through the water for one hour. 
Alkali: 0.2 N NaOH. 


In these experiments a Beckman titrator m 
K was used. Whole blood was: used for standar 
tion of the method, but experiments have also 
performed on kidney tissue homogenate. The 1 
tion is carried out at 0°, since the spontan 
formation of HeCOg from HeO and COs is 
high at higher temperatures. To 5 ml buffer solt 
containing different amounts of enzyme, 5 ml 
strate are added. The titrator dial is set at pH 
The titrator then adds sodium hydroxide accot 
to the formation of new hydrogen ions. The reai 
velocity is directly proportional to the amout 
enzyme present. The reaction takes about one 
ute. (Fig. 1.) At the same time a blank wil 
enzyme is run. The velocity is calculated as 
difference between sample and blank in N 
consumed per minute. 
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Q2N NaOH 
consumed 


seconds 


= SS ees ee eee 
10 20 30 40 50 60 


. The enzyme activity as a function of time. 


another series of experiments the COo-gas 
ubbled directly to the buffer in the vessel in 
the reaction and titration takes place. In 
yay the reaction can be followed for’ a longer 
in Fig. 2 for 6 minutes. The difference be- 
/sample an blank velocities is proportional to 
mount of enzyme present. (Fig. 3.) It is 
tant that there is always an excess of COg / 
gas flow / because am insufficient supply of 
vives a decrease of the enzyme effect. 


ml OJN NaOH 
consumed 


minutes 


2, The enzyme activity as a function of time 
during continous addition of COs. 


SUMMARY 


A new method for determination of car- 
_bonic anhydrase activity is presented. This 
new method involves titration at a constant 
pH by use of an automatic titrator. The en- 
zyme activity can be followed continuously. 


ml QIN NaOQH/minute = aa 


ul blood 


04 0.2 03 O4 


Fig. 3. The enzyme activity as a function of the 
amount of whole blood. 
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The myocardial metabolism is high in re- 
lation to the blood flow through the myo- 
cardium. This is reflected in the large diff- 
erence in oxygen content between arterial 
and coronary sinus blood. The cardiac muscle 
is richly supplied with oxidative enzymes. 
Under physiologic conditions the myocardial 
metabolism is therefore believed to be mainly 
an aerobic process (Blain, Schafer, Siegel 
& Bing 1956). 

Normally. the blood vessels of the myo- 
cardium are almost totally separated from 
blood vessels draining surrounding tissues. 
A study of the arterio-venous difference in 
substrates which are assumed not to be note- 
worthily synthesized or accumulated in the 
myocardium, will give an estimate of the 
myocardial utilization of these substances. 


1) This investigation has beew supported by a 
grant from the Swedish Medical Research Council. 

Presented at the Scandinavian Congress of In- 
ternal Medicine, Oslo, June 1960. 
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In the present study simultaneous catl 
rization of the coronary. sinus and a 
artery was made and the arterio-venous 
erences of different plasma lipids (inclu 
individual free fatty acids), amino a 
blood glucose and lactic acid were 
mined both at rest and during gradec 
ercise. 


MATERIAL 


18 subjects tested were healthy, non-h t 
volunteers, policemen, aged) 24—47 yarn 8 
the catheterization, physical examination, | 
cardigraphy (leads I, II, III, CR, CRg, C 
CR7z, AVR, AVL, AVF) and X-ray of the 
were performed. The blood lipid level was 
cases within normal limits for a Scandi 
population. 

The catheterizations were performed e 
the morning when the subjects had been 3 
for 10—12 hours. 


— a as uiiendin baer 


METHODS 
Vascular catheterization. The brachial 
was catheterized percutaneously using the tecl 
described by Berneus, Carlsten, Holmgren & 
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1954). The polyethylene catheter was in- 
ed about 20 cm in a cranial direction. For 
theterization of the coronary sinus, catheters 
» Goodale type were used. To avoid blood 
g im the catheters they were flushed with 
including one per cent citrate after each 
sampling. 
was possible to introduce the catheters into 
mus in about 75 per cent of the attempted 
All had some extra systoles during the in- 
tion of the catheter and 3 had a coronary 
rhythm for some few minutes after the cath- 
yas in place. In one case the manouvre with 
theter in the right auricle provoked a short, 
ent attack of auricular fibrillation and for 
eason further investigations in this case were 


oned. 


od sampling. Before blood sampling the sub- 
studied always rested for at least 30 minutes 
the catheter had been introduced. 

od from coronary sinus was obtained by 
n whereas the arterial blood was allowed to 
spontaneously. Im each subject only a few 
of exercise could be studied due to the large 
samples necessary for all the analyses plan- 
The total amount of blood taken from each 
+ was 350—400 ml. When the procedure in- 
| blood sampling during exercise there was a 
icy to syncope on standing after the end of 
vestigation. 


ysical work 100—600 kpm./min. was perform- 
supine position on a bicycle ergometer (Holm- 
& Mattsson 1954). Blood samples were ob- 
after 15 to 20 minutes on each load. 


ravascular pressure was measured with a 
gauge manometer (Holmgren 1956). The 
rate was calculated from an ordinary ECG. 


: analysis. Exspired gas was collected in 
as bags and samples taken over mercury were 
ently analysed for oxygen and carbon di- 
according to Haldane and Scholander. 

od was analysed for oxygen spectrophoto- 
ally (Holmgren & Pernow 1959). Carbon 
e tension and pH were measured by a method 
uced by Stallberg-Stenhagen (Carlsten & 
holm 1960). 


Chemical analyses. Lactic acid: was determined 
by the method of Baker & Summerson (1941) as 


'modified by Strom (1949) and glucose according to 


the anthrone method (Wallenius 1953). The results 
are given in milligrams per 100 ml of whole blood 
and are the mean values of duplicate analyses. 
Amino nitrogen, amino acids and lipids were 
determined in citrate plasma. The temperature of 
the blood was immediately lowered by using chilled 
citrate solution and by keeping the silicone treated 
centrifuge tubes in an ice water bath. The centri- 
fugation was carried out in the cold. After oxygena- 
tion of the blood the hematocrit value was deter- 
mined to permit the calculation of the amount of 
plasma in the citrate blood. Total amino nitrogen 
was determined in triplicate by a colorimetric nin- 
hydrin method (Jagenburg 1959). The individual 
amino acids were determined according to Moore, 
Spackman & Stein (1958) using a picric acid 
filtrate (Stein & Moore 1954). During the prepara- 
tion of this filtrate a certain conversion of glutamine 
to glutamic acid could not be avoided. The 150 
cm. column was run at 50° C. A determination of 
the basic amino acids was. not included in the study. 
Preparation of the total lipid extracts as well as 
determination of total fat, cholesterol, phospholipids, 
triglycerides and free fatty acids (FFA) was per- 
formed according to earlier described methods used 
in our laboratory (Svanborg & Svennerholm 1958, 
Svanborg & Swvennerholm, 1961). The FFA 
were separated from the other plasma lipids by a 
technique which will be described in detail else- 
where (Hallgren & Svanborg, To be published). 
The phospholipids were first removed on a column 
of silicic acid and the FFA were then separated 
from cholesterol esters and triglycerides by re- 
versed-phase chromatography. With this method 
there was a recovery of 90-95 per cent of the 
FFA. Gas chromatography was used for the deter- 
mination of the composition of the FFA (Hall- 
gren, Stenhagen, Svanborg & Svennerholm 1960). 


RESULTS 


The physiological characteristica at rest 
and at different work loads are summarized 
in Fig. 1. The data are mean values at cir- 
culatory steady state. 


#2 
_|1.0 
7 
O10 i } | \ \ | 40 
am 100 200 300 400 600kpm/min 


Fig. 1. Physiological characteristica at rest and 
during exercise. Total body oxygen consumption 
(©) and pulmonary ventilation (A) in liter per 
min. Heart rate per min. (<). Arterial lactic acid 
concentration in mg per 100 ml of blood (2). 
Arterial (@) and coronary sinus (O ) COg9-tension 
in mm. Hg. Oxygen saturation in coronary sinus 
blood in per cent ('e). 


The work loads were defined as kilopound 
meter (kpm.) per minute and the biological 
response to the exercise is characterized by 
the linear increase in oxygen intake (from 
0.25 1/min. at rest to 1.4 1/min.) and heart 
rate (from 65 at rest to 105/min.). 


Lactic acid in arterial blood changed only 
little at work loads up to 400 kpm/min. but 
started to rise significantly at 600 kpm/min. 


pH of arterial blood changed from 7.40 at 
rest. to 7.37 at 600 kpm/min., whereas the 
carbon dioxide tension fell a little due to the 
hyperventilation at work. pH of coronary 
sinus blood was 7.37 at rest and at 600 kpm/ 
mini7.32. 

Oxygen saturation of arterial blood was 


unchanged during exercise whereas the 
saturation of coronary sinus blood had a ten- 
dency to fall. The mean myocardial oxygen 


= t  — Zz 


extraction was 125 ml/l of blood at ¥ 
and 120 ml/l at rest! (p = 0.2). 

The oxygen capacity of arterial blood 
higher during work. At rest the mean y, 
was 17.57 ml 0,/100 ml, and at 300— 
kpm/min. 17.91 ml. 02/100 ml (P < 0.0 

This phenomenon is well-known and 
sign of hemoconcentration at work. 

The oxygen capacity of coronary § 
blood was lower than that of arterial bl 
The mean value was 16.73 ml 0;/100 m 
the coronary sinus blood at rest and 1 
ml 0/100 ml during 300-600 kpm/ 
(P < 0.05). However, this arterio-vet 
difference is an artefact and can be ¥ 
explained by the higher proportion of pla 
in the blood that has been obtained by 
tion through the cardiac catheter in the ¢ 
nary sinus (compare below). 

The carbon dioxide tension increased 
ing the passage of the myocardium from 
to 49.0 mm Hg at rest and from 39.9 to 
mm Hg at work. 

Studies on lipids, glucose, lactic acid 
amino acids: Significant coronary art 
venous difference were found in the h 
of FFA, glucose, and lactic acid (Tab 
Figs. 2 and 3) whereas there was no 
erence in amino nitrogen (Table I 
Fig. 3), cholesterol, triglycerides and { 
pholipids (Table II) either at rest or dt 
work. The myocardial extraction of gl 
and FFA was unchanged at different ~ 
loads but the extraction of lactic ad 
creased as a result of the increased ar 
level during work (Table I, Fiigs. 2 an 


1 The p-values were calculated for the 
ences. obtained in each case and not for the 
ences in mean vallues. 


| 
) 
| 
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REST 


n=15 
P<O0o01 
mg/100mt 
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A= Brachial Artery 
CS=Coronary Sinus 


2. Mean arterial and coronary sinus levels of 
fatty acids and amino nitrogen during rest and 
. The dotted lines denote the standard devia- 
. The P-values are calculated from the individ- 
irterio-venous differences. n denotes the num- 
yf observations. Work I = work loads giving 
al body oxygen consumption < 3.0 times the 
em consumption at rest; work IJ = work loads 
g am oxygen consumption > 3.0 times but 
6.0 times the oxygen consumption at rest. 


highly significant correlation r = 0.65, 
29, P< 0.001) was found between the 
rial FFA level and the myocardial ex- 
on of FFA (Fig. 4). The arterial level 
FA was unchanged at the different work 
S. 
he coronary arterio-venous differences in 
evels of the individual amino acids were 
rmined in 7 of the volunteers. In all sub- 
} the arterial level of alanine was lower 
the level in the coronary sinus blood 
ole III). The mean venous concentration 
anine (2.97 mg/100 ml) was 19 per cent 
er than the arterial concentration (2.50 
100 ml). On the other hand the level of 
umic acid was found to be lower in coro- 


1 | 
\ 
I 
\ 
if 
! 
nets : N= 6 
P<0001 ; P<0O001 
mg/100mlt : 
Lactic 2° ; 
acid 
10 fa \ | 
ae A 
0 ] 
n=15 | n=9 
P<0001 1 P<0001 


A= Brachial Artery 
CS=Coronary Sinus 


Fig. 3. Mean arterial and coronary sinus levels of 
glucose and lactic acid during rest and work. The 
dotted lines denote the standard deviations. The 
P-values are calculated from the individual arterio- 
venous differences. n denotes the number of observa- 
tions. Work I and work II the same as in Fig. 2. 


nary sinus blood. However, during the pre- 
paration of the blood sample a formation of 
glutamic acid from glutamine cannot be pre- 
vented. The arterio-venous glutamic acid 
difference might therefore depend on diff- 
erent concentrations of glutamine in arterial 
blood and in coronary sinus blood. No signi- 
ficant arterio-venous differences were found 
in the levels of the other amino acids or in 
total amino-nitrogen. 

A comparison between the composition of 
the FFA before and after the passage 
through the myocardium was made in 5 of 
the subjects. The figures given in Table IV 
indicate that there were certain changes in 
the fatty acid composition. The percentage 
of stearic acid and oleic acid decreased 
whereas the percentage of linoleic acid in- 
creased. 
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Table I. The arterial concentration (a) and th myocardial extraction (a-cs) — 


of free fatty acids, glucose, lactic acid and amino nitrogen at rest and at different work loc 


S Glucose Lactic acid 
> ¢ mg/100 ml mg/100 ml 
Dp A a a-cs a a-cs 
Rest: 1 1.10 4 
2 0.85 2 
3 0.76 0 
+ 0.75 0 
5 0.62 4 
6 | 0.59 3 
7 0.87 1 
8 0.56 6 
9 0.67 3 
10 0.43 5 
11 0.43 3 
12 0.58 0 
21 132 3 
23 0.32 4 
29 0.56 il 


Mean| 0.69 


vo, work 
vo,” rest 


Work 


‘| 


; 
vO work 
2 eaten c 
VO, rest f 
2 1.20 0.44 100 0 10 3 3.99 Gf 
3 1.00 0.33 99 7 13 4 3°72 
4 0.74 — 0.11 107 9 17 1 3.74 
5 0.54 017 97 4 18 8 = - 
77) 0.68 46-048 1063 18:4" arg 326 @ 
8 040 011 ms = 21 9 3.79 
25 0.56 0.13 89 0 26 9 2.97 
26 0.50 0.06 80 4 11 4 3.35 
27 0.75 0.19 103 9 24 8 3.55 


Mean| 0.72 0.17 
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Table II. The arterial concentration (a) and the myocardial extraction (a-cs) 
otal lipids, cholesterol, phospholipids and triglycerides. Values given in mg/100 ml plasma. 


Cholesterol 


Phospholipids] Triglycerides 


6 
ral a a-cs Free Total a a-cs a a-cs 


6 
4 
12, | 453 7 40 3 | 164 18 165 =5 


33 2 
21 753-37 60 -2 202 0 | 227 -19 127 8 
23 612 8 48 -1 166 -9 | 216 8 58 0 
29 730 5 63 -7 202 -59 | 244 10 103 -9 
Mean| 621 19 69 1 196 —5 219 10 | 87 2 
vo, work | 
en 
‘VOSrest = * 


VO, work 
< ————- < 6.0 
VO; rest), a, 
2 212 18 -10 
3 181 8 8 
4 148 2 -3 
5 217 -9 2 
i 287 2s 6 
8 128 7 14 
25 156 1 33 
26 290 8 -11 
| 27 238 4 | 8 
Mean|} 628 14 73 0 | 206 4 | 220 4 97 5 
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Arterial FFA 
level. ea 
mMol/L gc be 

125. ya monet 


a —— is ie = 
0 O10 O20 030 O40 OsomMol/L 
Coronary arterio-venous FF Adiff 


Fig. 4. Myocardial extraction of free acids in rela- 
tion to the plasma arterial level. 


DISCUSSION 
The present investigation was concerned 
with the normal: myocardial metabolism and 


it was therefore necessary to study healt 
and physically fit subjects. The voluntee 
were police officers in active service. Resi 
in such subjects may not be quite adeq 
for comparison with results from hospital 
patients. 

Even fairly small nervous influences n 
increase the mobilization of FFA (Ham 
Hickler & Hoskins 1960). In a study liket 
present it is thus of utmost importance 
keep the subjects as basal as possible. 
this reason the subjects were kept re 
30 minutes before blood sampling. The ¢ 
gen consumption determined after this per 
at rest showed values close to predic 
values of basal metabolic rate. 


Table III. The arterial (A) and coronary sinus (CS) levels of individual amino ac 
at rest and at different work loads. Values given in mg. amino acid/100 ml. plasndg 


Threonine 2.71 3.00} 1.65 1.71] 1.49 1.46 
Serine a) 2.66 2.50) 1.72 1.69] 1.57 1.69 
Glutamic acid b) |\1.84\1.52] 3.10 2.24] 3.68 3.39 
Citrulline f f 0.59 0.63] 0.65 0.64 
Proline 2.20 2.19] 3.00 2.94] 2.80 2.81 
Glycine 1.38 1.39] 1.72 1.6911.66 1.68 
Alanine 1.60 1.77| 3.62 4.16] 1.40 1.68 
Cystine 0.73 1.15 1.49 1.29 
Aminobutyric acid | 0.20 0.18 

Valine 1.95 1.88] 2.80 2.77 | 2.64 2.68 
Methionine 0.40 0.36] 0.27 0.25 

Isoleucine 0.75 0.68) 1.03 0.89] 1.11 1.08 
Leucine 0.97 1.07] 1.72 1.45} 1.51 1.37 
Tyrosine 0.62 0.59} 1.27 1.07] 0.76 0.76 
Phenylalanine 0.55 0.63] 1.04 1.00] 1.71 0.77 
Total amino 

nitrogen 3.68 3.53} 3.34 3.48] 2.87 2.38 


\ 
f 
\ 
f 


5.29\5.61 1.41 1.45] 1.45 1.55 | 1.72 2.03 | 1.74 
fF) 1.34. 1.41 $1.33 1.28) 1.68 1:66) 
1.64\1.78 3.07 1.01 | 2.15 1.67] 3.87 2.58 | 2.76 
“Ty 0.46 0.51 | 0.41 0.47 | 0.47 0.56 | 0.52 
2.81 3.63] 2.47 2.31] 2.06 2.16 | 4.63 4.73 | 2.85 
2.07 2.13) 1.56 1.78 1.53 1.63) 1.31 1:S6\s260 
3.08 3.38] 2.74 3.30] 2.96 3.05] 2.10 3.48 | 2.50 
1.26 1.28) 0.66 1.01 | 1.10 1.30 1.05 
0.42 0.36] 0.18 0.19] 0.16 0.11 0.24 
3.20 3.02] 2.40 2.29 | 2.53 2.36 | 2.41 2.65 | 2.56 


0.44 0.34] 0.35 0.16 | 0.28 0.29 | 0.49 0.34 | 0.37 
0.97 0.67| 0.78 0.67 | 0.91 0.98} 0.92 0.78 | 0.92 
1.96 1.62] 1.21 1.24] 1.46 1.64] 1.63 1.53 | 1.49 
1.45 1.08] 0.89 0.76 | 1.20 1.33 | 1.00 1.03 | 1.03 
1.25 0.99] 0.74 0.97 | 0.84 1.12] 0.91 0.87 | 0.86 


3.99 3.76] 2.97 -3,03 | 3.35. 3.28 | 3.55 3.547) 33m 


a) Includes also glutamine and asparagine: most glutamine, however is destroyed during c 


tography. 


b) Mainly derived from glutamine, which is partly converted to glutamine acid during the prepat 


of the sample. 
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Table IV. The percentage composition of free fatty acids in arterial plasma 
| and in plasma from the coronary sinus ( C S) at rest and at work loads of 600 kpm|min. 


SR 


ubject No. Ci2 | Ci4 | Cis 


C16:0|C16:1] C17 |C1s:0|C1g:1|C1s:2| C19 |C20:1|C20:5|C22:1|C22:6 


A Hh 3:05 | O98 225 Wesesei) 223 14.1 30.2) e729 a1 3256 | OS le Set alee 
es Ses. escGn 2b. Fileaets ie 2.9 1 1068) 1.24.2 1100/0) | 1:9. |) S20" | 0:9" |) 908 e106 
A NES: [2.6 Ti O40 | 2PAS) 367 1.3 Sa SOM S64 | 625) ||) OFF A) 4ed 5 | ONSial 1622 - 
cs A.Ora set OLS Me2aed | S.4 ol 0.3 3409) 03167 s16.60|. 0:6 eae: - 6.6 - 
k: 

A 2.2 | 44 | 0.6 | 23.9} 5.9 | 1.6 | 10.9 | 34.1 | 6.6 | 0.4 | 2.4 | 0.8 | 5.3 | 0.7 
cS ROMs e5 4) OLSi 2S. La 6.0% iF t:7 9:8) S420 07.3 21e0:5 e260 iSO OG 
A bese O I 1002829.) 5:8") 1.2 27 |.38.4] 5.2 = LJ) Oran - 
cs ESO a OLS S12 18 | 6¢h 1.5 8.9 | 35.5 | 6.4 = 1.4 - 2.0 - 
A eo le Osea sO: Si Ors. (in 2.0) 8: 3.| See Obl Ocal OS ala om tO Auge te - 
es LORIIS.3 |) 1.00) 3045.8) 0.7 D6 | S5ese | eon) OLS fede Om mOrs )meleO) - 
‘he solution used for flushing the cathe- The arterial blood and the blood from the 


contained sodium citrate and not heparin coronary sinus were taken with different 
1eparin influences the plasma concentra- techniques. The blood from the coronary 
of fatty acids (French, Morris & Robin- sinus was taken by suction through a long 
1958). The amount of sodium citrate catheter, whereas the arterial blood was 
n was small and judged to have no meta- allowed to flow spontaneously. In model ex- 
c effect. The coronary blood flow was not periments, when blood was sucked through 
srmined in the present study as available the catheters used, a decrease in oxygen 
hods do not give figures for the total capacity of about 4 per cent was demon- 
cardial blood flow but only an approx- strated. This relative increase in plasma 
te value of the blood flow per unit heart volume of blood obtained by suction is due 
ght. to the lower viscosity of the plasma than that 
Vhen comparing arterial and venous of the red corpuscles. The mean difference in 
centration of different substances, any oxygen capacity between arterial blood and 
ages in the red cell and plasma volumes blood from the coronary sinus, found in the 
st be considered. The swelling of the red present investigation, was 3.7 per cent and 
; in venous blood raises the hematocrit can thus be wholly explained by the fact that 
ut 8 per cent (White, Handler, Smith & different techniques were used for sampling 
ten 1959). In the present study this of arterial blood and blood from the coronary 
rce of error was eliminated as the blood sinus. These observations emphasize the im- 
oxygenated before analysis. portance of determining the hematocrit value 
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of each blood sample before calculating the 
amount of plasma in a mixture of blood and 
citrate solution as in the present study. 

The subjects were studied after fasting 
over night. In the postabsorptive state the 
myocardium derived most of its energy 
requirement from the combustion of FFA 
and to a lesser degree from the combustion 
of glucose and lactic acid. These findings are 
in agreement with the results of earlier in- 
vestigators (Gordon, Cherkes & Gates 1957, 
Goodale, Olson & Hackel 1959). The ana- 
lyses of total fat, cholesterol, phospholipids 
and triglycerides showed no significant de- 
crease during the myocardial passage. As 
the triglycerides were calculated from gly- 
cerol determinations and the phospholipids 
from phosphorous analyses, we cannot ex- 
clude that there has been a release of ester- 
bound fatty acids during the myocardial pas- 
sage from these lipid fractions, as has 
recently been proposed (Ballard, Danforth, 
Naegle & Bing 1960). Contrary to the re- 
sults of Blain et al. (1956) no significant de- 
crease in amino nitrogen during the myo- 
cardial passage was demonstrated in the pre- 
sent investigation. This discrepancy might 
be due to both nutritional and methodological 
differences. The method used in the present 
study for the determination of amino nitro- 
gen is highly specific and accurate enough to 
establish even small differences. 


The reason for the elevation of the alanine 
level during the myocardial passage is not 
settled, but might be due to a transamination 
process as pyruvic acid increases during 
work (Johnson & Edwards 1937). 

The increased myocardial requirement for 
oxygen and calories during exercise seems 
to be mainly covered by increased coronary 
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es 
blood flow. Only to a minor extent was t 
requirement for oxygen and substrate sati 
fied by an increased extraction. The extra 
tion of FFA, glucose and amino nitrog' 
was unchanged during work but there was: 
increased extraction of lactic acid in pr 
portion to the higher arterial level at wor 

In the fasting state the decrease in plast 
FFA level during the myocardial passa 
was found to average 18 per cent. The e 
traction of individual fatty acids was, ho 
ever, not uniform. The greatest concentt 
tion change was found among the C 18 fat 
acids. A percentage decrease was found f 
stearic and oleic acid. On the other hand t 
percentage of linoleic acid increased from € 
to 7.6, which compared with the mean 4 
crease in total FFA level indicates that ; 
or very little linoleic acid was extracted. T 
cardiac extraction of the individual ft 
fatty acids is thus influenced both by cha 
length and degree of saturation. Howev 
the nutritional state influences the metabo 
behavior of the heart muscle and our findin 
might therefore be valid only for individus 
in the same nutritional state. 


SUMMARY : 
The myocardial extraction of diff 
substrates was studied in 18 fasting, healt 
non-hospitalized individuals by compart 
of the levels in arterial plasma and in plas 
from coronary sinus. The study inelv 
glucose, lactic acid, total amino nitrogen, 1 
fatty acids, cholesterol, triglycerides, p! 
pholipids, individual free amino acids 
free fatty acids. 
The level of free fatty ids glucose 
lactic acid decreased significantly during 
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cardial passage. A positive correlation 
found between the arterial level of free 
7 acids and the myocardial extraction. 
extraction of glucose, amino nitrogen 
free fatty acids was not influenced by 
erent work loads but the extraction of 
¢ acid increased as a result of the in- 
sed arterial level at work. These findings 
cate that the higher myocardial need for 
ries during work, is mainly covered by 
ncrease in coronary blood flow. 
Ibvious changes in the composition of the 
fatty acids were found among the C 18 
y acids. The percentage of stearic acid 
oleic acid decreased during the myo- 
lial passage, whereas there was an in- 
se in linoleic acid. The rise in the per- 
age of linoleic acid indicates that no lino- 
acid was extracted during the myo- 
lial passage. 
Ithough there was no change in the total 
no nitrogen during the myocardial pas- 
, there was a significant elevation of the 
ine level. Other changes observed in the 
no acid levels were not conclusive. 
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natured globin hemichrome (alkaline 
tinglobin)! is formed when oxyhemo- 
n or hemiglobin are treated with alkali, 
1 denatured globin hemochrome is 
zed, or when hematin is combined with 
tured globin. In a previous paper (Falbe- 
sen, 1961) it has been demonstrated 
denatured globin hemichrome forms part 
ae alkali-resistant residue obtained by 
wdinary alkali denaturation methods for 
mination of fetal hemoglobin (HbF). 
error thus introduced is probably of no 
tance at high concentrations of HbF, 
at low concentrations it makes an exact 
‘mination of HbF impossible. 

1e literature on denatured glomin hemi- 


nm this paper the nomenclature suggested by 
ere & Legge (1949, p. 209) has been used 
thout. The prefixes “hemo” and ‘“‘hemz” de- 
respectively, ferrous and ferric compounds. 
am. “o” will, however, only be italicized 


w” or “Oo 
the state of oxtidation of the iron is of im- 
‘e, not in words used as generic terms. The 
ly used terms “hemochromogen” and “pa- 
in” have been substituted by “hemochrome” 
‘hemichrome”, and in place of “methemoglo- 
e name “hemiglobin’ is used. 


chrome shows many discrepancies as con- 
cerns the spectrophotometric findings. It has 
been the purpose of the present investigation 
to study some of the problems associated 
with the conversion of oxyhemoglobin into 
denatured globin hemichrome by denatura- 
tion with alkali. 


MATERIALS AND METHODS 


Oxalated blood from normal human adults was 
obtained by venipuncture. The red blood cells were 
washed three times with saline, and hemolysates. 
purified with Al(OH)g were prepared as pre- 
viously described (Falbe-Hansen, 1961). Oxygen. 
was led to the solutions in order to ensure complete 
conversion into oxyhemogilobin. 200 “1 of a solution 
containing approximately 1 g oxyhemoglobin per 
100 ml were added to 16 ml of N/jg NaOH in a 50 
ml volumetric flask. After a previously fixed inter- 
val of time the denaturation was stopped by add-- 
ing 1.33 ml 1 N HCl and the pH of the solution 
was immediately adjusted with 10 ml of a M/, 
phosphate buffer to one of the following values: 
pH 7.2, pH 7.9, pH 9.4, pH 10.3, or pH 11.3. The: 
volumetric flask was then filled to the mark with 
distilled water. The spectrophotometric readings. 
were carried out with a Zeiss PMQ II spectro- 
photometer and a cuvette of 40 mm depth was used. 
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Fig. 1. Spectral absorption curves im the visible 

region of denatured globin hemichrome at various 

pH. Denaturation time 1 minute. Some precipita- 

tion has occurred in the solution at pH 7.2 and the 
solution has been filtered. 
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Fig. 2. Spectral absorption curves in the visible 

region of denatured globin hemichrome at various 

pH. Denaturation time 2 hours. Some precipita- 

tion has occurred in the solution at pH 7.2 and the 
solution has been filtered. 


Extinction 


pH 7,2 ——pH 103 
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600 580 560 540 520 500mp 
Fig. 3. Spectral absorption curves in the visible 


region of denatured globin hemichrome at various 
pH. Denaturation time 18 hours. 


RESULTS 

In order to get data which might be ce 
pared quantitatively, solutions of eq 
strength of denatured globin hemichre 
were prepared from the same hemolyse 
The denaturation times chosen were 1 m 
ute, 2 hours and 18 hours. In Figs. 1, 2 atl 
are depicted the spectral absorption cur 
in the visible region of these solutions 
various pH. It must be emphasized that 
spectra at pH 7.2 after denaturation 
1 minute and 2 hours cannot be. compai 
directly with the other curves, as some preé 
pitation occurred in these solutions. Af 
filtration, however, they- remained clear. 
precipitation took place in the solution at 
7.2 after denaturation for 18 hours. 

A distinct absorption maximum at ab 
540 mw is found in all solutions at pH # 
regardless of denaturation time. This m 
mum gradually disappears in more alkal 
solutions. In the 1 minute denaturation e 
ves it is still clearly discernible at pH If 
but after denaturation for 2 hours the ] 
had to be raised to 9.4 in order to obtait 
similar shape of the absorption curve. 

Figs. 4, 5 and 6 show the spectral abso 
tion curves in the near ultraviolet and ult 
violet regions. At pH 7.9 a strong St 
band is present which diminishes with 
creasing denaturation time, whereas the ¥ 
band at 350—360 mu becomes more 
nounced. At more alkaline pH the 
band is less sharp and the whole spect 
seems more flattened. | 

It is noteworthy that the absorption ¢ 
at pH 7.2 after denaturation for 18 how 
identical with the curve at pH 7.9 bot 
shape and strength of absorbance. The 
sence of precipitation may be explained 
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hift of the isoelectric point of globin as 
aturation proceeds (Vars & Boxer, 
2). 

n the ordinary alkali denaturation meth- 
for determination of HbF, the concen- 
‘ion of this compound is estimated by 
asuring the extinction at 540 mw. As part 
the alkali-resistant residue consists of 
atured globin hemichrome, measurements 
re been carried out in order to determine 
v great a fall in absorbance is brought 
uit by the conversion of oxyhemoglobin 
denatured globin hemichrome. 


solutions of denatured globin hemichrome | 


re prepared as previously described. De- 
uration was carried out for 1 minute and 
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4. Spectral absorption curves in the near ultra- 

et and ultraviolet regions of denatured globin 

ichrome at various pH. Denaturation time 1 

ute. Some precipitation has occurred in the 

tion at pH 7.2 and the solution has been 
filtered. 
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Fig. 5. Spectral absorption curves in the near ultra- 

violet and ultraviolet regions of denatured globin 

hemichrome at various pH. Denaturation time 2 

hours. Some precipitation has occurred in the 

solution at pH 7.2 and the solution has been 
filtered. 


pH fixed at 7.9. These conditions were 
chosen in order to get a close approximation 
to the conditions under which denatured glo- 
bin hemichrome is formed when an alkali 
denaturation method like the one of Singer, 
Chernoff & Singer (1951) is used. Readings 
were made at 540 my of these solutions and 
of oxyhemoglobin solutions of the same 
strength. 

In Table I the readings are given of 10 
solutions of denatured globin hemzchrome 
prepared from the same hemolysate. The 
ratio Es.) oxyhemoglobin/E;4) denatured 
globin hemichrome varies from 1.32 to 1.58 
with a mean of 1.51. 


It is evident from he spectral absorption 
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Fig. 6. Spectral absorption curves in the near ultra- 

violet and ultraviolet regions of denatured globin 

hemichrome at various pH. Denaturation time 18 
hours. 


curves that the difference in absorbance at 
540 mu between oxyhemoglobin and de- 
natured globin hemichrome will be found to 
be even greater at more alkaline pH. 


DISCUSSION 


The above experiments show that varia- 
tions in pH lead to changes in the absorption 
spectrum of denatured globin hemichrome in 
all regions where measurements have been 
performed. In accordance with the observa- 
tions of Austin & Drabkin (1935) and Her- 
zog (1935), it is found that denatured globin 
hemichrome formed by alkali denaturation of 
oxyhemoglobin shows no absorption bands 
in the visible region at alkaline pH. Lem- 
berg & Legge (1949, p. 223) state that a 
weak absorption band is found in weakly 
alkaline solutions of denatured globin hemi- 
chrome at 558 mu and a stronger one at 


530 my, but on further alkalinization the 
bands disappear. A description of the expe 
mental procedure is lacking. 

In the experiments presented here, ho 
ever, no two-banded absorption spectrum 
the visible region was ever found, but it m 
be mentioned that pyridine hemichrome } 
two bands similar to those described by Le 
berg & Legge (Barron, 1937). Hart 
(1959) mentions that the absorption spe 
rum of denatured globin hemichrome cht 
ges with varying pH, but no experimen 
data are given. 

Drabkin & Austin (1935) have fo 
that denatured globin hemichrome formed 
autooxidation of denatured globin hen 
chrome has two distinct bands at 5753 
and 545 my. This absorption curve is pf 
tically identical with the one found by H 
boe (1959) for solutions containing both o 
hemoglobin and denatured globin he 


Table I. 


ire oxyhemoglobin/ Era denatured globin 
hemichrome 7 


mean 1.51 


UBUUNUNUNUNwWU 
DASAWBRAWDANAC 


The ratio between the extinctions of oxyhem¢ 
bin and denatured globin hemichrome. The «€ 
tions are read at 540 my. Ten 1 minute der 
rations performed on the same hemolysate fr 

normal adult. 
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ne. The explanation of this phenomenon 
be that part of the denatured globin 
shrome has been renatured into oxy- 
globin on oxidation (for references to 
iterature on reversible denaturation of 
globin, see Lemberg & Legge, 1949, 
6). 

the present experiments changes in the 
ption spectrum of denatured globin 
throme are furthermore observed with 
tions in denaturation time. This is in 
dance with the experiments of Vars & 
r (1952) on the alkali denaturation of 
ed globin. These authors find that pro- 
ive, chemical changes occur in the 
ule together with a cleavage into units 
jaller molecular size. Considering this, 
fairly obvious that denatured globin 
-hrome is not one, but several com- 
ds of varying structure, depending on 
legree of denaturation of the protein. 
fact may explain some of the apparantly 
adictory information on the spectral 
ption of denatured globin hemichrome. 
her phenomenon which adds to the con- 
1 is the tendency of hemichromes to 


mrize (Lemberg & Legge, 1949, 
8). 

SUMMARY 
sctrophotometric investigations have 


carried out on solutions of denatured 
1 hemichrome prepared by alkali de- 
ation of oxyhemoglobin. It has been 
nstrated that considerable changes occur 
e spectrum of denatured globin hemi- 
1e with variations in denaturation time 


and pH. It is suggested that the changes 
which take place with varying denaturation 


time are related to progressive alterations in 


the globin moiety of the molecule as denatura- 
tion proceeds. The fact that the formation of 
denatured globin hemichrome in solutions of 


_ oxyhemoglobin causes a decrease in absor- 


bance in the visible region makes the pre- 
sence of this compound a considerable source 
of error in the commonly used alkali denatu- 
ration methods for determination of HbF. 
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A previous paper (Cramér & Isaksson, 
1959) on the Theorell method for the deter- 
mination of total serum cholesterol (Theo- 
rell, 1926, 1930, Theorell & Widstrom, 
1931) demonstrated that this method, slight- 
ly modified, gives accurate values. The to- 
tal serum cholesterol values were found to 
be 4.6 per cent higher than thé corresponding 
determinations according to the method of 
Sperry & Webb (1950), performed on the 
same extract from 153 sera over the range 
of 100—600 mg/100 ml. 

Esterified cholesterol generally gives stron- 
ger color in the Liebermann—Burchard re- 


action than the equivalent amount of free 


cholesterol. It was therefore probable that 
the 4.6 per cent higher values with the Theo- 
rell method were, at least partly, due to the 
unhydrolysed cholesteryl esters. Cramér & 
Isaksson (1959) did not find any differences 
in the color-developing properties of free 
cholesterol and cholesteryl stearate. How- 
ever, in human serum, cholesterol is mainly 
esterified with unsaturated fatty acids. It was 
therefore important to test cholesteryl esters 
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isolated from human serum. 

Sperry & Brand (1955) observed that 
color-developing property of cholestero 
the Liebermann—Burchard reaction 
creased after prolonged standing, when 
The stability under dryness and heat on 
steam-bath of free cholesterol and sé 
cholesteryl esters was therefore tested. 

The purpose of the present investigé 
was: ; 

1. To determine the chromogenity 
human serum cholesteryl esters in the m 
fied Theorell method. 

2. To study the stability under dry 
and heat of free cholesterol and of hu 
serum cholesteryl esters in the same mel 


MATERIAL 


Cholesterol (BDH) was crystallized twice 
99.5 per cent ethanol or ethyl acetate and dr 
vacuo at 80° C for 4 hours or in a drying 
overnight at 50° C. This substance had a 
point of 148° C and an infra-red spectrogr 
agreement with that found by Johnson, Idb 
loche & Baumann (1953). No water of cry: 
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as present when the drying was carried out 
circumstances described. Cholesterol stan- 
in chloroform prepared in the described way 
t change their extinction in the reaction in 
mn up to at least two months. 
um cholesteryl esters from 18 subjects with 
l or elevated serum cholesterol levels were 
d by silicic acid chromatography according 
‘sch & Ahrens (1958). The cholesteryl ester 
ms were not contaminated with glycerides, 
ed by analysis for glyceride-glycerol (Carls- 
- Wadstrom, 1959), or free cholesterol, as 
by paper chromatography (Michalec, 1956). 
than 50 per cent of the fatty acids were 
saturated, with linoleic acid (about 40 per 
and arachidonic acid (about 5 per cent) as 
ain constituents, determined by the alkali 
‘ization technique of Holman & Hayes 
ie 
> cholesteryl esters were eluted from the sili- 
id columns with a 1:99 mixture of dilethyl- 
petroleumether, boiling point 40—50° C, and 
rated to dryness at room temperature in nitro- 
itmosphere. The determinations were per- 
d on chloroform solutions of this extract 
in average content of 200 mg per ml. 


EXPERIMENTAL AND RESULTS 


olesterol determinations on cholesteryl 
3, isolated from 18 human sera, were 


le I. Determination of cholesterol in 

m serum cholesteryl esters according to 

nethod of Theorell and the method of 
Sperry & Webb (1950). 


Modified 
Theorell 


Bn of 211.6 
pecimens (iz) 
| 
ence (1g) 5.2 =. 13.2 
itage difference 25 + 6.3 
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Fig. 1. Absorption curves in the Theorell method 
for cholesterol and human serum cholesteryl esters. 


performed according to the Theorell method 
and the method of Sperry & Webb (1950). 
The determinations were made in duplicate 
or triplicate. The results are given in Table I. 

It is seen from the table that the Theorell 
method gives, on an average, 2.5 per cent 
higher values than the Sperry & Webb meth- 
od, when calculated on a molar basis. The 
dispersion of the differences is considerable, 
but the difference between the means is 
statistically significant. 

The absorption curves in the Theorell 
method for cholesterol and the serum chole- 
steryl esters from one subject were recorded 
in a Zeiss RPQ 20 A self-recording spectro- 
photometer. The curves were identical and 
are presented in Fig. 1. 

The test of stability was performed in the 
following way: 1 ml portions of a standard 
cholesterol solution in chloroform (285 ug/ 
ml) were added to four Hagedorn tubes and 
0.5 ml standard solution + 0.5 ml chloro- 
form to another four tubes. Two tubes from 
each series were subjected to the color re- 
action without previous evaporation of the 
chloroform. The chloroform in the remaining 
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Fig. 2. The color-developing properties of chol- 

esterol and human serum cholesteryl esters in the 

Theorell method after different periods of dryness 
on the steam-bath. 


tubes was evaporated on the steam bath un- 
til cholesterol crystals were visible on the 
bottom, and then left for an additional period 
of time on the steam bath before the color 
reaction was performed. The time of ex- 
posure to heat and dryness after the eva- 
poration of the chloroform varied between 
5 and 60 minutes. 

The same series of experiments was per- 
formed with cholesterol dissolved in ethanol: 
acetone, 1:1, and with human serum chole- 
steryl esters dissolved in chloroform. The 
results are seen in Fig. 2. 

From the results in Fig. 2 it is seen that 
cholesterol and human serum cholesteryl 
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gy 
esters ‘can be heated on a steam-bath 
30 minutes after evaporation of the sols 
without introducing any error into the de 
minations. The extinction diminishes a 
more than. 30 minutes’ heating. 


iy’. tte. » 


DISCUSSION 


The Liebermann—Burchard race 
its different variations has earlier 
applied to purified preparations of d 
esteryl esters, mainly acetate or stear 
Most authors have found these esters to ¢ 
higher extinctions than the equival 
amount of free cholesterol. When the 
action is used for quantitative purposes 
human serum we must, however, test 
cholesteryl esters that are actually pres 
in highest concentration in serum or iso. 
native serum cholesteryl esters. ‘ 

Human serum cholesteryl esters gave 
this study, on an average, 2.5 per cent hig 
molar extinctions than free cholesterol ¥ 
the method in question as compared with 
method described by Sperry & Webb (195 
Cramér & Isaksson (1959) demonsttz 
that the modified Theorell method gave, 
an average, 4.6 per cent higher values t 
the Sperry & Webb method, when detet 
nations were performed on total serum ch 
sterol. The last-mentioned difference - 
thus be partly explained by the differe 
chromogenity of the cholesteryl esters” 
free cholesterol in the modified Thet 
method. 

The small difference between the m 
extinctions of free and esterified choles' 
is somewhat surprising. Sperry & 
(1943) and Kenny (1952) found that ¥ 
the Liebermann—Burchard reaction 
carried out in chloroform, as is the « 
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resent method, there was a considerably 
er absorbency for cholesteryl esters than 
ree cholesterol. Also in acetic acid the 
ermann—Burchard reaction gives higher 
2s for cholesteryl esters than for chol- 
‘ol, as recently described by Billimoria 
ames (1960). The present method in- 
2s an 80:1 proportion between acetic 
anhydride and sulphuric acid with a 
- maximum at 660 mu. Most other Lie- 
1an—Burchard modifications use the 
yortion 20:1 with a reading at 620 mu. 
se changes may account for the different 
Its. 

he Theorell method is not specific for 
esterol and its esters. Chenodesoxycholic 
in serum may influence he determina- 
s (Isaksson, 1954) and there are also 
rt substances which might disturb the 
Its (Svanborg & Svennerholm, 1961). 
vever, the error from these substances is 
than 2 per cent in subjects where there 
no signs of biliary obstruction, as de- 
ed by Bjorntorp (1960). The disturb- 
* caused by these non-cholesterol sub- 
ces might explain the rest of the 4.6 
cent higher values for total serum chole- 
al obtained with the Theorell methods as 
pared with the Sperry & Webb method. 


holesterol and human serum cholesteryl 
rs left dry on the steam-bath are stable 
it least 30 minutes as regards their color- 
loping properties’ in the modified Theo- 
method. After this time, however, the 
nection in the color reaction decreases. 
; means that the evaporation must be 
ormed carefully and that a standard must 
reated in the same way as the unknown 
ple for the purpose of control of this 
or. 


SUMMARY 

1. The color-developing properties of 
human serum cholesteryl esters were com- 
pared in the modified Theorell method and 
in the method of Sperry & Webb (1950). 
The first-mentioned method was found to 
give, on an average, 2.5 per cent higher 
values. 

2. The stability of cholesterol and human 
serum cholesteryl esters when dried on the 
steam-bath in the modified Theorell method 
was investigated with regard to their chro- 
mogenity. After 30 minutes of dryness the 


‘color produced had diminished. To. control 


this factor it is necessary to run a parallel 
standard through the procedure. 
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theterization of the left side of the heart 
yecome an important adjunct to right 
catheterization. The transseptal ap- 
h, described by Ross (1959) and Cope 
)), seems to be the best method curr- 
available. Provided the technique is 
actory, no change in hemodynamics 
s and the risk is probably small. The 
yach from the saphenous vein, using the 
iment described by Ross (1959), is 
what unsatisfactory for studies during 
ise with both legs. A method permitting 
duction of an instrument from the right 
nal jugular vein was therefore devised 
egard, Carlens, Jonsson and Karlof, 
). A percutaneous technique should also 
‘the approach from below more suitable 
tudies during leg exercise. Such a tech- 
: for transseptal left heart catheteriza- 
aas been described by Cope (1959). 
e have found the Seldinger percutaneous 
ique (1953) to be very satisfactory for 
terization of arteries and veins. When 
turing the atrial septum, it is essential 
he catheter to be able to move very 


easily and without much friction. This per- 
mits resistance to be felt when the tip of the 
catheter is pushed against the septum, and 
“palpation” of the fossa ovalis. Therefore 
we use a teflon catheter. Continous recording 
of pressure should be done at the time of 
septal puncture. Once the needle is in the 
left atrium, the catheter can be advanced. By 
so doing, passage of the rather wide catheter 
into a wrong position, for instance through 
the pericardium, is avoided. Puncture with 
the thin needle alone is obviously less 
traumatic. 


METHOD 

Equipment required. 

1) A Seldinger needle for puncture of the femoral 
vein. 

2) A filexible spiral metal guide, described by 
Seldinger. 

3) A teflon catheter. 

4) A needle for puncture of the atrial septum. 

5) A stylet with a rounded end fitting this needle. 
A Seldinger needle, size PE205, is used for 

puncturing the femoral vein. This needle is then 


1 Available from AB. Stille-Werner, Stockholm. 
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Fig. 1. Needle for septal puncture with the teflon 
catheter. Distal end of catheter is closely adapted 
to needle. 


replaced by the flexible metal guide (O.D. = 1.40 
mm). The teflon catheter is introduced over the 
metal guide into the femoral vein. The metal guide 
and needle for septal puncture have the same outer 
diameter (1.40 mm). The teflom catheter is easily 
adapted to both by stretching the tip at a tempera- 
ture of 200° to 300° C and smoothing it with 
sandpaper. 

The needle for septal puncture is 75 cm long 
(O.D. = 1.40 mm). The tip is sharpened as an 
ordinary needle. At the last 8 cm from the tip 
there is a slight bow. The needle has a luer-lock 
adapter anid attached to this a small wing indicating 
the direction of the bow at the tip (Fig. 1). The 
stylet fitting this needle has a diameter of 0.60 mm 
and its tip is rounded. 


Procedure. — 


The teflon catheter is introduced percutaneously 
into the right femoral vein using Seldinger’s tech- 
nique. After puncture of the vein a few cm below 
the ligamentum inguinale the flexible end of the 
metal guide is introduced through the needle and 
pushed up about 10 cm in a cranial direction. The 
needle is withdrawn anid the teflon catheter is pushed 
on the guide until the tip of the catheter is exactly 
at the tip of the guide. The tip of the catheter is 
therefore visible at screening and can be placed in 
the right atrium. The guide is withdrawn, and the 
long needle, with the stylet inserted, is passed 
through the catheter up to the right atrium. As 
the needle is slightly bent at the tip it gives some 
resistance when passed through the catheter, but 
if moved gently and rotated it is not difficult. The 
tip of the stylet is about 1 cm ahead of the tip of 
the needle in order to avoid penetration of the wall 
of the catheter by the sharp needle. With the tip of 
the needle a few mm from the end of the catheter, 


4) Metal screw with central opening for polye 
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the stylet is withdrawn and the needle conm 
to a manometer through a polyethylene cathe 
During screening, it is easy to check the posi 
of the needle. The tip of the catheter is dire 
cranially, posteriorly and to the left. Thus 
fossa ovalis and its limbus is ‘‘palpated”. V 
placed in the fossa ovalis, the needle is pushed 
ward and, with slight presure, the septum is pt 
tured during continous recording of pressure. W 
left atrial pressure is obtained, the catheter 
pushed forward and the needle withdrawn. With 
metal guide inserted the catheter can also be me 
into the left ventricle while screening. It is ; 
possible to pass a thim polyethylene catheter ( 
PE 50) through the teflom catheter when its ti 
in the left atrium. The thin catheter follows 
blood into the ventricle in most 
though less commonly where there is a 
atrium and combined»mitral stenosis and i 
tence. Using a special adapter, pressures can 
recorded from both catheters simultaneously ( 
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RESULTS 


Twenty-one patients have been exami 
with this technique. In-two of the first 
cases in the series, septal puncture was 
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Fig. 2. Diagram of catheter adapter. 


lene catheter (PE 50). 2 and 4) Metal rings 
Rubber cuff. 5) 2-way adapter. 6) Screw-on n 
adapter. 7) Teflon catheter. When the metal s 
is tightened, both metal rings compress the ru 
cuff. This results in an air tight connection 
permits accurate registration of pressure Cw 
through both the teflon and the polyethy 

catheters. 
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essful. It was found that the needle had 
trated the catheter a few cm proximal 
s tip. Since then, the stylet has been in- 
sd into the needle during its passage 
ugh the catheter, and no further diffi- 
es have been encountered in puncturing 
septum. 

ressures both in the left atrium and ven- 
e were obtained in all 19 cases where the 
al puncture was successful. In one case, 
ever, the left ventricular pressure could 
ybtained only through a catheter intro- 
‘d from the brachial artery passing the 
ic valve into the left ventricle. There was 
sht mitral stenosis with a thin regur- 
it jet (confirmed at operation), and a 
large left atrium. In addition, there was 
ild aortic stenosis. In one case of tight 
al stenosis, the left ventricle was cathe- 
ed from the aorta, and no attempt was 
e to pass the mitral valve. In the 17 cases 
re the catheter passed through the mitral 
e, there was an aortic valvular lesion 
e in five and a mitral valvular lesion in 
~ases, of which four had an associated 
ic valvular lesion. Several cases had com- 
d mitral valvular disease with tight 
osis and a large left atrium. 

here were no complications. Most pa- 
s did not even feel the puncture. Some 
a mild sensation in the chest when the 
le was pushed through the septum. 


DISCUSSION 
he patient can easily perform leg exercise 
the catheter inserted by this technique. 
eters may be inserted in the pulmonary 
brachial arteries. It is also possible to 
orm catheterization of the right side with 
same catheter used for the left side. 


It is important to avoid air embolism when 
the metal guide is withdrawn. The opening 
of the catheter is located much higher than 
the tip of the catheter in the heart. If the 
patient during this short period does a Val- 
salva manoeuvre, blood comes out of the 
catheter. Still better is to place the patient 
in a slightly tilted position. 


SUMMARY 

A modification of Cope’s (1959) per- 
cutaneous technique for transseptal left heart 
catheterization is described. We have used 
teflon catheters which have a low friction 
coefficent. The atrial septum is punctured 
during continuous recording of pressure 
through the thin puncture needle. 

Both the right and left sides of the heart 
can be catheterized with this percutaneous 
technique. Twenty-one patients with val- 
vular lesions in the left side of the heart were 
examined. In 19 cases, puncture of the atrial 
septum was successful. Left ventricular 
pressure was obtained in 17 of 18 cases 
where an attempt to pass the mitral valve 
was made. No complications occurred. The 
patient can easily perform leg exercise with 
the catheter inserted by this technique. 
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As originally demonstrated by Nydick, 
Tang, Stollerman, Wroblewski & LaDue 
(1955) the serum glutamic oxalacetic trans- 
aminase(SGO-T) is often increased above 
the normal range in patients suffering from 
acute rheumatic fever with active carditis. 
The same observation was made by Massie 
& Stahlman (1958) and by Cattaneo, Peloc- 
chino, Pronotti & Rigazio (1958). 

Nydick et al. (1955) pointed out that an 
elevated SGO-T is most pronounced in 
patients suffering from rheumatic fever with 
cardial insufficiency resulting in stasis of the 
liver, and mentioned that necrosis of the 
liver cells might be a contributory cause of 
the elevated SGO-T. The same authors also 
mentioned the possibility of a hepatotoxic 
effect of sodium salicylate, as several of the 
patients investigated were being treated with 
this drug. However, a dose of 4—6 g aspirin 
daily for one week to a group of patients not 
suffering from rheumatic fever produced no 
changes in the SGO-T activity. The same 
result was observed by Massie & Stahlman 


(1958) who gave a “large dose” of salicylate. 


1 Present address: Rigshospitalet, Copenhagen. 


to one normal patient, to one patient 
severe stasis of the liver, and to seve 
patients with severe diseases of the liver. 
the other hand, Manso, Taranta & Nyd 
(1956) reported an elevated SGO-T in 
out of 14 children with an aspirin or sodit 
salicylate intake of 0.6—1g¢/15 Ibs.1/d 
until symptoms of intoxication were 
served. The children, aged 5—15 years, we 
recovering from rheumatic fever. None 
the children had active rheumatic fever. — 

As an elevated SGO-T in patients ¥ 
rheumatic fever is mentioned as a sign 
myocarditis (Nydick et al., 1955) and 
rheumatic fever is often treated with s 
cylate, the present investigation was carr 
out to examine whether long-term treat 
with salicylate in patients not suffering fi 
diseases of the liver or the heart results 
an increased SGO-T activity. 


MATERIAL AND METHODS 


The material includes 9 patients, aged 22- 
years, four women and five men. Five of 
patients had been admitted to hospital for 


1 Tb. = 454 gm. © 
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bago, the remaining four for different uncom- 
ited fractures. 

efore the investigation was carried out the 
- function of the patients was examined, Icteric 
x, thymol turbidity, alkaline phosphatase, pro- 
mbin-time, paper electrophoresis and GO-T of 
he serum were done and bromsulphalein reten- 
test was carried out. These examinations re- 
ed no signs of decreased liver function. Nor 
any patients show sign of myocarditis on elec- 
ardiography. 

Juring the examination blood samples were 
drawn daily, im some patients every third day. 
-serum was examined for icteric index, thymol 
idity, GO-T and for the concentration of sali- 
> acid. The icteric index was determined by the 
wlengracht method, thymol as extinction, SGO-T 
trophotometrically according to Henley & Pol- 
’s method (1955) and the concentration of sali- 
> acid in serum according to Coburn’s method 
nodified by Faber & Schmidt (1949). The nor- 
range of SGO-T was determined to 0.35—1.55 
fol/1/L (95 per cent area). The maximum daily 
ation in the SGO-T in 12 patients without 
ases of the liver or acute cardiac diseases was 
rmined to 0.49 m Mol/I/L (42 observations). 
‘he salicylate given orally as “‘mixtura natrii 
sylatis’ 45-90 g-(3—6 g sodium salicylate) 
y for an average of three weeks (10—33 days), 
aim being to produce a concentration of sali- 
c acid in serum higher than 20 mg/100 ml as 20 
100 mi is given as the lowest value of sympto- 
ic effect of salicylic acid in cases or rheumatic 
r (Mller, 1958). 

‘o exclude the possibility that uncomplicated 
tures and confinement to bed might cause (per 
an elevated SGO-T, the SGO-T was measured 
bedridden patients with uncomplicated fractures 
2—4 weeks. In none of the patients was any 
)-T elevation observed. 


RESULTS 
“he results are recorded in Table I. One 
lent refused further intake of salicylic 
1 after 10 days. Four of the patients 
eloped symptoms of salicylic intoxication, 


which necessitated a reduction of the daily 
dose in two of the patients (Nos. 2 and 3) 
and in another patient (No. 8) prevented 
any further increase of the initial dose of 
3 g sodium salicylate. The intoxication symp- 
toms, nausea and epigastric pain, are in- 
dicated by (+), while tinnitus and deafness 
are indicated by +. None of the patients 
vomited. The maximum concentration of 
salicylic acid in serum (43 mg/100 ml) was 
observed in a patient who showed no symp- 
toms of salicylic intoxication. In three of 
the patients (Nos. 3, 7 and 9) a significant 


- SGO-T elevation was observed. 


In Figs. 1 and 2 are shown the relation 
between the salicylate dose, the concentra- 
tion of salicylic acid in serum and the 
SGO-T values in one patient with and in one 
without an SGO-T elevation. The thymol 
values and the icteric index are not shown 
in the graphs as no significant increases in 
these values were observed in any of the 
patients during the examination. 

The investigation thus seem to indicate 
that treatment which salicylate, in doses used 
in the treatment of rheumatic fever, can 
cause a moderate elevation of the SGO-T in 
patients without diseases of the liver and 
heart. 


DISCUSSION 

An examination of a possible effect of sali- 
cylic acid intake on SGO-T is of interest 
because an SGO-T elevation is often used 
as a sign of active carditis in patient with 
rheumatic fever. 

Manso et al. (1956) have previously 
shown that sodium salicylate in very large 
doses can effect the liver and Thomsen & 
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Table I. The influence of sodium salicylate on SGO-T activity. 
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algard (1958) have found that this can 
use an SGO-T elevation. 

The effect of sodium salicylate intake in 
erapeutic doses on SGO-T is, as already 
entioned, examined by Nydick et ai. 
L955), Massie & Stahlman (1958) and 
lanso et al. (1956). 

The result of our examination is in 
cordance with Manso et al., 1956. No 
rect comparison is, however, possible as 
ley do not specific the concentrations of 
ie salicylic acid in serum. Moreover, they 
ried out their investigations with children, 
hereas the present material only comprise 
lults. 

The influence of sodium salicylate on the 
GO-T is not caused by a direct effect on 


PATIENT No. 1. 


$.6.0-T.(MM/L/h) 


Conc. of salicyl-acid in serum(mg/1ooml) 


Sodiumsalicyl-intake(g/day) 


ZT 


9 W 13 15 17 19 21. 23, 25, 27. 29, 31. 33, 

DAYS. 
x. 1. Relation between the salicylate dose, the 
icentration of salicylic acid im serum and the 
7O-T values in a patient (No. 1) without SGO-T 
vation after salicylate intake. The dotted lines 
licate the normal range (95 per cent area) of 

the SGO-T. 


PATIENT No. 7, 


10 8.G.0-T.(uM/t/h) 


Conc, of salicyl-acid in serum(mg/1ioomU 


pabaanei es ntake(g/day) 


13-1517: “ a 23, 
DAYS. 


ll 


Fig. 2. Relation between the salcylate dose, the 

concentration of salicylic acid in serum and the 

SGO-T values in a patient (No. 7) with SGO-T 
elevation after salicylate intake. 


the reagents which are used to determine the 
SGO-T, nor has the substance any influence 
on the actual spectrophotometric measure- 
ments in the concentrations used in this ex- 
amination. 

There seems to be no direct proportion be- 
tween the SGO-T elevation and the con- 
centration of salicylic acid in serum and the 
duration of the sodium salicylate intake. It 
seems reasonable to assume that the sensi- 
bility of the liver to salicylic acid is individ- 
ual. This may explain why some patients 
develop an SGO-T elevation on a given con- 
centration of salicylic acid in serum, while 
others do not. 
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SUMMARY 

Nine patients, aged 22—69 years, without 
any signs of diseases of the liver or the heart, 
were treated for an average period of three 
weeks with sodium salicylate in doses of 
3—6 g daily in order to investigate whether 
this treatment may cause an increased 
SGO-T activity. Three of the patients 
showed small but significant SGO-T eleva- 
tions. No certain correlation was observed 
between the SGO-T elevation and the con- 
centration of salicylic acid in serum. 
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In 1958 Gordon devised a method for 
reparing a stable and chemically inert 131I- 
abelled polyvinylpyrrolidone (PVP) for 
nedical use. He suggested that it should be 
ised for investigations on plasma protein 
netabolism in human subjects, and later 
Gordon 1959, Gordon, Bartter & Wald- 
aann 1959) he demonstrated that it was 
ighly useful as a diagnostic tool in protein- 
sing gastroenteropathy. In this condition 
n abnormally high fraction of 13!I will be 
xcreted in the stools after introduction of 
1e labelled substance in the blood stream. 
n all cases of so-called “idiopathic hypopro- 
anemia’ in whom the test was done, it turn- 
1 out to be abnormal. Thus he solved the 
sar-old mystery concerning the mechanism 
| the low serum protein concentration in 
is rare condition. Applying Gordon’s 13!I- 


1 This work was supported by grants from 
atens Videnskabsfond, Kong Christian den X’s 
md and Fonden af 21/12 1956 til Lzgeviden- 
abens Fremme. 


PVP test in other cases of idiopathic hypo- 
proteinemia, a number of authors have re- 
ported identical results (Hsia, White & 
Hugh-Jones 1959, Martini, Strohmeyer & 
Binger 1960, Royer 1960, Schwartz & Jarn- 
um 1959, Vesin, Troupel, Acar, Renault, 
Desbuquois & Cattan 1960, Vesin, Renault 
& Cattan 1959, Young, Fowler, Barnett & 
Miles 1959). Furthermore, the 13!I[-PVP 
test has demonstrated an abnormal gastro- 
intestinal protein loss in previously well- 
known diseases associated with hypoprote- 
inemia, e.g. gastric carcinoma (Jarnum & 
Schwartz, 1960), regional enteritis (Stein- 
feld, Davidson, Gordon & Greene 1960, Ve- 
sin, Troupel, Acar, Bismuth, Renault & Cat- 
tan 1960), ulcerative colitis (Steinfeld ef al., 
1960) and sprue (Parkins, 1960). 

The present communication reports ex- 
perience with PVP tests performed in a 
number of normo- and hypoproteinemic sub- 
jects together with an evaluation of PVP as 
a quantitative test of abnormal gastrointest- 
inal protein leakage. 
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METHODS 
131J]-P) P, 

Radio-iodinated PVP was supplied by Gordon, 
U.S.A. Before shipment it was autoclaved and 
tested for pyrogenicity, and the major part of 
unreacted iodine had been removed by dialysis. 
Glucose was added for isotonicity and benzyl alco- 
hol as a preservative. The average molecular weight 
of the polymere was 30000—40000, and the solu- 
tion generally contained from 60 to 270 uC per ml 
on the day of manufacture. 

21 different preparations were “applied. No fur- 
ther dialysis was undertaken after arrival. In each 
batch the amount of 11I passing a cellophane! bag 
in 24 hours was determined, and all preparations 
were applied within 1—3 weeks of manufacture. A 
weighed amount containing 15—25 uC was given 
intravenously to the subjects investigated. Ordina- 
rily each preparation was tested in at least one 
control person with normal serum protein pattern. 
Blood samples were drawn 15 minutes after the 
injection and at daily intervals for 34 days. Five 
days (120 hours) after the injection the patients 
received 1 g carmine per os. Stool collection began 


at once and continued till the stools became red, The 


total amount of feces was homogenized in a blender. 
Urine was collected for 5 days. 

The amount of radioactivity excreted was meas- 
ured in a scintillation detector designed for large 
volumes (500 ml), plasma activity im a well type 
scintillation counter connected with a Tracerlab 
1000— or Super-Scaler. The counting equipment 
furnished a background value of about 110 counts 
per minute. Samples of low activity (e.g. stools 
from 22 control subjects) were counted for a period 
(10—30 minutes) sufficient to ascertain that the 
proportional standard error of the net count was 
less than 10 per cent, and in most cases it was 
appreciably less. In 19 of 22 control subjects the 
net counting rate of feces was from 50—680 per cent 
of the background. value. 

The activity of the samples was compared to 
that of appropriately prepared standards. The 
amount of non-dialysable 4*1I in plasma and excreta 


1 Membranfilter Gesellschaft, Gottingen, West 
Germany (thickness: about 90um). 


. 


was determined after previous dialysis in cellopha 
bags against running tap water for 3 hours. Prelit 
inary experiments showed that only a slight amou 
of 1311 was removed by further dialysis. | 


Plasma volume. 

In order to estimate the immediate distributi 
volume of 131I-PVP, a weighed amount of T-182 
was injected intravenously immediately prior to 
after the 11J-PVP. The distribution volume 
T-1824 .15 minutes later was taken as plasr 
volume x 1.02, allowing for a 2 per cent escape 
the dye during mixing time. T-1824 concentrati 
in plasma was determined by a modified extractt 
method (Jarnum, 1959). A check was made tt 
the optical density of Evans Blue was uninfluenc 
by the low concentration of PVP in plasma. Hig 
concentrations may produce a notable increase 
the light absorption of Evans Blue (Allen, Och 
Roth & Gregersen, 1953). 


1317-qlbumin metabolism. 

Albumin metabolism was studied by label 
albumin in most of the hypoproteinemic subjects, 
a rule one week after the PVP-test. 1%4I-albun 
was prepared according to the method of Ve 
Pearson & Hanley (1955), After intravenous inj 
tion of a weighed amount of the 14J-albumin so 
tion, radioactivity was determined in daily plas 
samples and 24-hour urine specimens. The cumt 
tive fecal 13!]-excretion was measured through 
5-day period. Albumin metabolism was calcula 
after Pearson, Veall & Vetter (1958), or — if 
quantitative urine collection could be ascertained 
after Matthews (1957). 

Serum protein was determined by Kjeldahl ar 
ysis, serum albumin by paper electrophoresis (L 
rell, Laurell & Skoog, 1956). 


PATIENTS 
A total of 79 patients were studied. 
Control subjects. 


To estimate the absorption of 1%I-PVP fr 
the gastrointestinal tract, 10 patients were gi 


1% per cent Evans Blue, Warner-Chile 
U.S.A. 
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-3. uC per os, and the subsequent .fecal scieiey 
s measured in.a 5-day: period. 
2 patients had 1]-PVP intravenously. They 
ffered from a variety of diseases (Table I) but 
had a normal hemoglobin concentration and 
played no signs of hepatic or-.renal disease. In 
.patients serum albumin concentration was 
termined and found to be normal. 


ypoproteinemic patients. 

Patients with hypoproteinemia (notably hypo- 
Muminemia) included 12 patients with ‘‘idiopathic 
poproteinemia” (Table II), 11 cancer patients 
‘able III, which further contains 2 normoprote- 
mic cancer patients), 8 with chronic diarrhea of 


rious origin (Table IV), 7 with postgastrectomy 


ndrome (Table V) and 7 with chronic hepatic 
ease or nephrotic syndrome (Table VI). 

All patients were in a stable condition during the 
rformance of the #4I-PVP test, which took 5—7 


DIALYSABLE *4]-FRACTION 


061258 e— 


071058 base 
111358 


20 MB B # 
DAYS 


4 8 12 16 


x. 1. Change of dialysable 1%I-fraction in 191J- 

TP preparations of increasing age. Upper half: 

‘parations from 1958. Lower half: preparations 
from 1960. 


days. Potassium iodide — 1.3 g daily — was given 
to all patients to prevent thyroid 131J-uptake. 


_ RESULTS 
In vitro tests. 

In one preparation (090359) almost all 
activity passed a cellophane niembrane. In 
the remaining 20 preparations the contents 
of dialysable 1811 varied from 6.3 to 56.1 per 
cent of total activity as determined 1—3 
weeks after’ the day of manufacture. In 11 
batches less than 20 per cent of 131 was 
dialysable and in 3 of these it was less than 
10 per cent. Repeated determination showed 
a decrease of non-dialysable 1%1]-fraction 
with increasing age in the older preparations, 
whereas the later ones seemed to be more 
stable (Fig. 1). 

The stability of 181I-PVP in feces was 
examined by incubation of homogenized 
stools with a known amount of 11]-PVP 
(room temperature). The dialysable 131I- 
fraction was unchanged after 3, 24 and 72 
hours of incubation. 


Fecal 131-[ after oral supply of 131-PVP. 
After oral intake of labelled PVP, 10 pa- 
tients excreted from 36 to 87 per cent of the 
131] in their stools. 7 excreted more than half 
of the ingested activity. Each person had 2 
different preparation. The subject who had 
the preparation with the lowest fraction of 
non-dialysable 131] excreted less 13!I in the 
stools than the rest, but otherwise no correla- 
tion was found between fecal activity and 
non-dialysable activity in vitro (Fig. 2). 
The concomitant urinary 13!I-excretion 
ranged from 3 to 13.5 per cent of the dose 
supplied in 9 subjects. The tenth — with 


_the low fecal 131]-output — excreted 46 per 


cent in her urine. 
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batches were employed: The mean. cum 
tive fecal 131-output in 5 days following 
injection was 0.52 per cent of the injet 
dose and the range (mean + 2 X SD) 
—1.01 per cent. The highest excre 
actually found was 1.00 per cent. An attet 
to correlate the normal 1%1J-excretion ¥ 
the amount of non-dialysable 131I-PVP 
paration failed to demonstrate any such 
lationship. Thus the mean excretion | 


20 40 60 80 100 
NON-DIALYSABLE 1317 O/g 


Fig. 2. The relation between non-dialysable (in 
vitro) and non-absorbed fraction of I in orally 


supplied 434]-PVP. 0.56 per cent in 14 subjects having bate 

with less than 20 per cent dialysable 4 

The intravenous 131]-PVP test in and 0.46 per cent in 8 subjects who had | 
control subjects. ches with from 20 to 52 per cent dialysé 


The results of the PVP test in 22 controls 1311. The difference between these mean 7 
are listed in Table I. Eighteen different ues was not significant (40 > p> 30). 


Table I. 1J-PVP-test in 22 control patients. 


131]-PVP | Per cent 1 


Serum Cumulative 


Albumin fecal preparation | dialysab 

Diagnosis g/100 ml 1317_output in vitre 
in 5 days (24 hour 

% of inj.dose dialysis 


1. O.P. 2 Disc degeneration 0.34 052158 10.4 © 
GCs Sciatica 0.75 071058 29.5 
3) HPA Congenital heart failure 0.37 — — 
4. CC. g Obesity 4.18 0.91 080758 10.0 
5. K.0. 3 Postgastrect. syndrome 4.56 0.41 090458 13.1 
6. P.J.N. 3 Epilepsia ? 4.40 0.34 = = 
eee S Parox. auric. flutter 4.61 0.88 — _— 
$128. 9 Sciatica 4.34 0.44 102358 9.5 
9. B.P. 2 Cerebral concuss. 4.61 0.64 111358 19.3 
10. O.H. 3 Essent. hypertens. 0.94 120458 34.1 
11.P.M.H.g | Duod. ulcer? 4.72 1.00 010859 14.9 
12.P.S.3 Duod. ulcer 4.46 0.66 050759 9.3 
13. W.K.N.g | Gastritis 4.01 0.60 = —5 
14.K.H.¢g Gastritis ? 4.26 0.20 030359 15.8 
i OKs Polycytemia 5.00 0.44 070959 6.3 
16.S.V.3 Cerebral concuss. 4.37 0.57 080659 13.4 
17. A.M. 3 Dyspepsia 4.55 0.28 110559 52.3 
18. S.A.C.g Duod. ulcer 4.59 0.35 120359 27. 
19. K.G. 3 Disc degeneration 4.24 0.28 020460 43.5. 
20. P.P. d Dyspepsia 5.20 0.40 080460 17.2 
21. S.A. 3 Coronary infarct. 3.94 0.54 090860 47 
GOT As Pelvic fracture 3.80 0.17 100660: | 26.0 


Mean | 


Normal range (Mean + 2 SD) | 0.03-1.01 | | 
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———————— 
URINARY #1J-EXCRETION IN 5 DAYS, 


"lo OF 
INJECTED 
DOSE 


10 20 30 


40 50 60 700 DIALYSABLE 7**], %o 


Fig. 3. Cumulative urinary 1%I-excretion (5 days) 
following intravenous injection of 131]-PVP related 
to in vitro dialysable 1*1I-fraction. 


Urinary 131]-excretion seemed to be lower 
er 181]-PVP with a small fraction of dia- 
able 131] (Fig. 3), but no definite relation 
is present. Generally it ranged from 20 to 
per cent of the injected dose. 


The fraction of non-dialysable 131] in urine 
is high during the first 24 hours following 
> injection and parallelled that of the PVP- 
sparation applied. 

The apparent imuitial distribution volume 
s found to exceed the plasma volume by 
to 120 per cent. A rough correlation was 
ssent between distribution volume and the 
ction of dialysable 131 in vitro as demon- 
ated in Fig. 4. 

[In view of the high uptake of PVP by the 
iculo-endothelial system (Ravin, Selig- 
n & Fine, 1952) it was interesting that an 
raordinarily large distribution volume 
30 per cent of plasma volume) was found 
a patient with generalized lymphosar- 
na. 

An analysis of plasma activity disappear- 
é revealed that it followed an approximate 
yonential decline the first two or three 
's. The slope constant was 0.03—0:0 


hour~!. There was no relation between dis- 
appearance rate and the relative content of 
dialysable activity. Generally the slope con- 
stant decreased after 2—3 days, ‘but different 
patterns of activity curves were seen (Fig. 5) 
suggesting that the process of elimination 
was not a simple one. 

The relation between non-dialysable 131] 
in plasma and urine was studied in several 


INITIAL DISTRIBUTION VOLUME OF *1]-PVP 


"lo OF 


PLASMA te ee 
VOLUME 450 
40 140 
130 
120 120 
110 
10 20 30 40 S50 60 70 


DIALYSABLE #31] IN LH EVAG EMO 
Fig. 4. Relation between initial distribution volume 
and contents of dialysable 1311 of 15 different PV P- 
praparations. Each dot represents one or the aver- 


‘age of up to 6 ‘simultaneous “volume” determina- 


tions with 13tI-PVP and Evans Blue. 


DAYS 
Fig. 5. Plasma activity following intravenous in- 
jection of 131J]-PVP.-The first dot on each curve 
represents the activity 15 minutes after the in- 
jection. 


subjects receiving three different batches of 
. 131J-PVP. In Fig. 6 the typical design is 
given: In plasma the relative content of non- 
dialysable 181 remained constant or even in- 
~ creased somewhat, in urine the total amount 
of non-dialysable 181I roughly parallelled the 
mean activity of plasma within the same 24 
“hours. The renal clearance (average of day 
2-3-4) of non-dialysable 131] was about 33 
per cent of the plasma volume per 24 hours 
in the 2 control subjects shown in Fig. 6 
(preparation 080460: 21-32-26, and prepara- 
tion 100660: 47-35-24 per cent per day). This 


is 3 times higher than the normal metabolic 


clearance of 181J-albumin (which is about 10 
per cent of the circulating albumin per day). 
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The 131]-PVP test in hypoproteimemic 
subjects. 
Idiopathic hypoproteinemia. 


Table II includes 7 patients with oa 
diseases (Nos. 1—7) and 5 with unknoy 


‘intestinal diseases (Nos.8—12). Serum alb 


min was low in all of them and most of the 
had marked edema. In 9 of them a hype 
catabolic hypoalbuminemia was present (¢ 


4a] a OF ee DOSE 


x 
= 
H 
x 
~ 
Q 


ee as 
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Fig. 6. Intravascular contents and excreted amot 

of 1] follawing intravenous injection of 1I-P\ 

Left: 44I-PVP 100660 with 74 per cent non 

lysable 1511. Right: 13I-PVP 080460 with 83. 
cent non-dialysable 131], 

pe non-dialysable 14I in plasma as per cent of 
jected non-dialysable 134], 


0: total plasma 13!J, per cent of total amount 
'  181T injected. 
////: non-dialysable 14I-fraction. 
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“able II. Serum albumin, ‘I-albumin metabolism and %11 PVP-test in 12 patients 
with «idiopathic hypoalbuminemiay. 
—————————————E——— eee eee 


Age Diagnosis 


mK. o 65 Hypertroph. gastritis 
2. E.F.H.2 65 Hypertroph. gastritis 
3.H.M. $ 62 Giant hyp. gastritis 
3a H.M. After part. gastrect. 
4. E.N. 3 33 Hypertroph. gastritis 
5. W.D. 3 10 Gastric papilloma 
5a W.D. After part. gastrect. 
mo.l. 9 63 / Ule. gastrit. + 

| postgastrect. 
7.S.A.L.3 34 | Giant hyp. gastritis 
8. B.P. 2 49 Unknown intest. disease 
eR. So 38 Unknown intest. disease 

with granulomas 

0. K.K. 2 28 Unknown intest. disease 
im E.S. 9 30 Unknown intest. disease 
2. D.S.N. 2 4 Unknown intest. disease 


Normal average 

and range (Mean + 2 SD) 

(Jarnum & Schwartz, 
1960) 


* C.A. = circulating albumin. 


Albumin turnover 


Serum Fecal] 171] 
Albumin Relative Absolute in 5 days 
g/100 ml % of g/kg/day % of inj.dose 


3.16 11.0 0.17 1.75 
2.99 12.8 0.16 2.95 
2.45 13.4 0.32** 3.38 
3.78 8.0 0.16 1.03 
70 17.9 0.27 1.46 
1.02 19.8 0.09 33 
4.68 0.16 
2.29 20.5 0.24 4.47 
1.11 29.0 0.39 3.41 
1.88 26.2 0.21 5.93 
2.01 29.3 0.43 7,95 
B01 B15 30.4 0.37 3.14 
2.45 34.6 0.34 4.14 
1.69 62.4 0.68 4.6/2 days 
4.41 10.0 0.206 0.52 
3.77-5.05 5.6-14.4 | 0.13-0.28 | 0.03-1.01 


* In H. M. 11]-albumin study was done after intravenous infusion of albumin. 


radation rate exceeding 14.4 per cent of cir- 
ulating albumin per 24 hours (Jarnum & 
chwartz, 1960)). An abnormal PVP test 
yas found in every case of this series. In two 
atients the test became normal after partial 
astrectomy (No. 3 with giant hypertrophic 
astritis and No. 5 with a gastric papilloma) 
nd serum albumin increased spontaneously 
) a normal level. Extensive intestinal disease 
f undetermined nature was found at laparo- 
omy in 4 of the 5 patients with protein- 
ysing enteropathy. 


‘ancer patients. 


An abnormal test was found in 8 of 9 


cases of gastric carcinoma (Table III). Two 
non-anemic patients had carcinoma of the 
colon. The test was normal in the nonmopro- 
teinemic one, and abnormal in the other who 
had a marked hypoalbuminemia. In 2 hypo- 
albuminemic patients with malignant disease 
outside the gastrointestinal tract (Nos. 12 
and 13) the test was normal. 


Chronic diarrhea. 


A marked increase of fecal 1%1I was found 
in one patient with regional enteritis and in 
one with active ulcerative colitis (Nos. 2 and 
3 respectively in Table IV). In 2 patients 
with moderate steatorrhea (Nos. 5 and 6) 
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Table III. 1J-PVP-test in 13 cancer patients. 


Serum 


Fecal 187], Metastatic © 
Age Diagnosis Albumin % of inj.dose | lesions of live: 
g/100 ml 


TN? Gastric carcinoma + 
pernic. anemia 2.80 0.87 ? 
2. E.S. 3d Gastric carcinoma 2.59 iA _ 
Su R.CrS Gastric carcinoma 2.19 Az, — 
4.Z.J.3 Gastric carcinoma 2.57 M32 — 
5. L.N. fo Gastric carcinoma 2.91 1.70 — 
6. K.H. 2 53 Gastric carcinoma 4.01 1.78 — 
Ue heal es ey 54 Gastric carcinoma GIA 1.79 + 
8. P.R. 3 74 Gastric carcinoma 2.99 4.25 —- 
9. O.C. 3 72 Gastric carcinoma 2.01 7.32 — 
10. K.P. 2 65 Carc. coli sigmoid. 4.05 0.60 —_ 
LI CALS 75 Carc. coli ascend. + 
polyposis coli 2.04 2.16 oa 
12, EG. 62 Carc. ovarii 
with ascites 1.35 0.30 ? 
13. O.G. 3 24 Generalized lymphosarcoma Dea 0.15 a 
| | Normal range 3.8-5.1 0.03-1.01 


Cases Nos. 1—11: carcinoma in the gastrointestinal tract. 
Cases Nos. 12—13: cancer outside the digestive tract. 


Table IV. ™I-PVP-test in 8 patients with chronic diarrhea of various etiology. 


i i Fecal 121] 
Diagnosis SRceeoe | ae 5 re oa 
g/kg/day | % of inj.dose 


1-T.K.¢ Regional enteritis : } 1.01* 
2. S.M. ¢ Regional enteritis : i i 2.86 
3. K.S. ¢ Ulcerat. colitis : 3.56 
4. M.F. 9 Ulcerat. colitis E 0:85 
(quiescent phase) 
5. J.B.P. 3 Steatorrhea a : 0.34 Remission 
on gluten: 
6. A.L. 9 Malabsorpt. syndrome 0.56 free gin 
(non-tropical sprue ?) 
7.J.B.3 Chron. pancreatitis 
with steatorrhea 2.74 9.6 0.15 1.25 
&. K.U. 9 Chron. diarrhea (in i 
remiss.)-++idiopath. 
hypoproteinemia 2.19 130 
| | Normal range : 3.8-5.1 | 5.6-14.4 | 0.13-0.28 0.03-1.01 


*Poor ™1I-PVP preparation (090359). Almost all I turned out to be dialysable. 
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e test was normal, in one (No. 7) with 
vere steatorrhea due to chronic pancreatitis 
was slightly abnormal. 

The last patient (No. 8) had suffered from 
urrhea for 2 months following an arthrodesis of 
> left knee-joint. She had a marked hypoalbumin- 
ia (about 2 g per 100 ml) and a slightly elevated 
mma globulin (about 1.5 ¢g per 100 ml), but 
1erwise no signs of hepatic disease. Galactose 
d bromsulfaleim tests were normal. Her diarrhea 
d stopped. An intestinal series showed a patchy 
sign. The PVP test was slightly abnormal. 
ther studies could not be undertaken in this 
tient who might have had a transitory protein- 
sing enteropathy although the mechanism of her. 
poalbuminemia was probably complex. 
ostgastrectomy syndrome. 

An abnormal test was found in 4 patients 
ith postgastrectomy syndrome associated 
ith steatorrhea (Table V). Fecal 1!]- 
‘cretion was highest in the patient (No. 7) 
ith the lowest serum albumin. Two patients 
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with still lower serum albumin displayed a 
normal test, but both had fatty liver (biopsy 
finding). 


Hepatic and renal diseases. 


This group included 7 patients who all had 
a normal fecal 18!J-output (Table VI). In 
2 patients with nephrotic syndrome (Nos. 4 
and 6) the “endogenous” degradation rate of 
131J-albumin (calculated from non-protein- 
bound urinary activity) was abnormally 
high. This would suggest an “idiopathic” 
component in their hypoalbuminemia beside 
the urinary protein loss. In one of them 
(No. 4), who suffered from extensive pri- 
mary amyloidosis (including the gastroin- 
testinal tract), a considerable amount of the 
label was lost in vomitus. He might have 
passed part of it in the stools had vomiting 
not occurred. 


Table V. 1J-PVP-test in 7 patients with postgastrectomy syndrome 
and hypoalbuminemia. 


Postgastrectomy ++ 
hemofuscinosis 
duodeni 

Postgastrect.-++ anemia 


G.F. 2 43 


48 Postgastrect. + 
steatorrhea 
Postgastrect. + 
hypertroph. gastritis 
-+ steatorrhea 

Postgastrect. -—- 
steatorrhea 

Postgastrect. ++ 
steatorrhea 

Postgastrect. ++ 
steatorrhea 


40 
48 
43 


57 
2.76 


| Normal range 3.8-5.1 


aver biopsy. 


Albumin | Relative 


Serum | Albumin] turnover Fecal 191] 
Absolute | in 5 days Hepatic 
g/kg/day | % of inj.dose 
Affection 


0.29 _ 

6.1 0.12 0.36 + (fatty 
infiltr. + 
slight 
fibrosis*) 

4. 
9.0 0.07 0.48 (fatty liver*) 
1.34 — 
1.53 — 
10.6 0.25 1.55 — 
2.55 (co) 


9.0 | 0.17 


5.6-14.4 | 0.13-0.28| 0.03-1.01 
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Table VI. 1I-PVP test and albumin metabolism in 3 patients with hepatic diseases 
and 4 with nephrotic syndromes. 


Serum 
Albumin 
2/100 ml 


Age] Diagnosis 


Albumin turnover Fecal 131] $ 
Relative | Absolute |,,*” 5 days | Comments 
% of inj.dose 
% of | g/kg/day |’ 
C.A./day 


1. B-E. 2 Chronic hepatitis ? 
2. T.V. 3 | 56] Cirrhosis + 
postgastrectomy 1235 0.23 
Se VIEe: 65 | Chronic hepatitis Liver biopsy : 
in remission Satd 18.5 0.19 0.34 fatty with slig 
fibrosis & mat 
Primary amyloidosis ked regene- 
4.8.8.3 | 42] -++nephrotic syndrome ration. 
+-postgastrectomy Lee 23.7(19.1)* 0.21 0.11 In vomitus : 
4.05% of inj 
5. E.J. 2 | 21] Nephrosis 1.50 20.9(9.9)* 0.12 0.28 
6.J.J.3d 62 | Nephrosis 1.09 45.5(23.8)* 0.21 0.29 
7. P.1..3 | 60] Nephrosis + 
postgastrectomy | 1.25 | 21.4(11.6)* | 0.12 0.82 
| | Normal range | 3.8-5.1 5.6-14.4 | 0.13-0.28} 0.03-1.01 | 


*Parenthetically the degradation rate calculated from non-proteinbound urinary 1°11. 


Relation between serum albumin and 
fecal 1311 in hypoalbuminemia. 


A theoretical relationship between fecal 
131T and serum albumin could be calculated 
assuming: a) a linear relationship between 
the 3 parameters: fecal 131]-output in excess 
of the normal upper limit (1 per cent of the 
injected dose), the abnormal gastrointestinal 
protein loss, and albumin degradation rate in 
excess of normal mean (10 per cent of cir- 
culating albumin per day), b) a constant 
albumin production at all serum albumin 
levels. 

Curve B (Fig. 7) gives this relation in the 
10 patients with idiopathic hypoalbuminemia. 
Taking the mean figures of serum albumin, 
albumin degradation rate and PVP test from 
this group it was found that an increase of 
fecal 131I by 1 per cent of the injected dose 
would correspond to an increase in albumin 


degradation rate of about 5.3 per cent 

circulating albumin per day. This figure v 
applied in the construction of curve A fr 
the mean figures of serum albumin and all 
min degradation rate in the normal contr¢ 
The latter curve thus illustrates serum 

bumin concentration at a certain prot 
leakage if albumin production remained 1 
changed. Now, two conclusions may 

drawn from Fig. 7: | 

1) 181]-excretion in the stools of patie 
with idiopathic hypoproteinemia was 
versely related to serum albumin. 

2) The serum albumin at a certain ® 
excretion level was considerably hig 
(about 40 per cent) in idiopathic hypoal 
minemia than anticipated from the “norm 
curve A, or — in other words — an incre 
of albumin production takes place in idic 
thic hypoproteinemia. 
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ide effects. 

In two patients a typical “colloid reaction” 
scurred. This reaction is characterized by 
rest and back pain together with a marked 
ushing of the skin (especially of the face) 
nd develops within a minute of the injection. 

In one case the reaction was very dra- 
atic: The patient lost consciousness (and 
ulse and respiration as well), probably 
artly because he was weak and anemic 
Jarnum & Schwartz, 1960), but he quickly 
scovered. Except these two reactions no un- 
yward effects have been observed. 

The colloid reaction must be ascribed to 
1e colloid nature of the PVP-preparation. 
dentical reactions have been described after 
itravenous administration of other colloidal 
ubstances (inulin, iron-dextran, fat emul- 
ions (Preston & Henegar, 1959)). 


DISCUSSION 
PVP has been extensively used as a plas- 


CUNULATINE FECAL *!] IN 5 DAYS 
%%lo OF 


INJECTED 
DOSE 


ma expander since its introduction in’ Ger- 
many about 20 years ago (Hecht & Weese, 
1943). A detailed report on its kinetics and 
distribution has been published by Ravin, 
Seligman & Fine (1952). Working with 
1317- and 14C-labelled PVP, they demon- 
strated that the amount metabolized after 
intravenous injection was quite insignificant. 
Their data on urinary excretion (40—80 per 
cent of the injected dose, inversely. related 
to molecular size) agree well with those pre- 
sented here, as does plasma disappearance 
rate which was about 80 per cent from’5 
minutes till 12 hours after injection for the 
fractions with molecular size from 30,000 to 
40,000. Of special interest was the small 
fecal excretion, below 0.6 per cent of the in- 
jected dose in the first 5 days, in both man 
and dog. Furthermore, the fecal excretion 
could be shown to stem exclusively from bile 
in dogs. 


@: /DIOPATH. HYPOPROT. 
O: GASTRIC CARCINOMA 
x POSTGASTRECTOMY 
@ NEPHROTIC SYNDOROM 


§ 
SERUM ALBUMIN, g/100 ml 


Fig. 7. Relation between fecal 181J-PVP and serum albumin concentration. The curves indicate 
the theoretical relationship (see text) at normal albumin production (A) and in idiopathic 
hypoproteinemia (B). 1—2: Giant hyperthropic gastritis before and after partial gastrectomy. 
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The 131]-PVP made by Ravin et al. was 
unsuitable as test substance in gastrointest- 
inal protein loss, because it turned out to be 
unstable (Gordon 1958). With Gordon's 
preparation a more stable 181J-PVP can be 
obtained. In both preparations the !1tiodine 
is added to the terminal double bond of PVP, 
in the older one directly to the carbon atom 
and in Gordon’s as a p-!8!]-phenyl group. 

In the present report a slight liberation of 
131] on standing was demonstrated only in 
the older preparations (Fig. 1), and no de- 
composition took place when 131J-PVP was 
added to homogenized feces. The stability 
could thus be confirmed. 

As no fractionation of the 111 according 
to molecular size was undertaken, the simple 
procedure of dialysis through a cellophane 
membrane was employed ‘to evaluate the 
relative contents of large molecules. A 
reasonably good agreement was in this way 
obtained between dialysability in vitro and 
“in vivo”, the latter denoting the fraction 
which disappeared from the blood stream in 
the first 15 minutes following the intra- 
venous injection (Fig. 4). 

It was found that the renal clearance of 
large molecules amounted to about 4% of the 
plasma volume per 24 hours. This is vir- 
tually a small figure compared with glome- 
rular filtration rate (about 50 times the plas- 
ma volume per day). 


Whether a renal clearance of 1% of the 
plasma volume per 24 hours is comparable 
with the glomerular filtration rate of serum 
albumin can not be assessed with present 
knowledge, as no quantitative data on glome- 
rular leakage of plasma proteins are at hand 
(Rather, 1952). 

A direct comparison between gastrointest- 


| 
3 
inal clearance of “cellophane-retained” PV 
molecules and albumin degradation in idit 
pathic hypoproteinemia was not possib 
from the data in the present report. Or 
might expect from the heterogeneity of th 
preparations that no simple correlatic 
existed. Young et al. (1959) made such 
correlation in one patient and found a re 
sonably good agreement. However, until pr 
parations of a more uniform molecular si: 
are available, it seems important that in tl 
present series all preparations with a no 
dialysable fraction of about 50 to 94 per cet 
131] were very useful in the establishment | 
an abnormal gastrointestinal protein loss. 


The clinical material investigated in th 
report (details are reported elsewhe 
(Schwartz & Jarnum)) showed that in < 
12 cases of idiopathic hypoalbuminemia z 
abnormal PVP test could be demonstrate 
The fact that 2 patients (Table II, Nos. 
and 5) became normoproteinemic and shoy 
ed a normal test following surgical resectic 
of the presumed protein-leaking lesion, ga 
further evidence of the validity of the test. 

The slightly abnormal test met with ~ 
gastric carcinoma suggested a double mec 
anism of the hypoalbuminemia in this co 
dition. This was not surprising consideril 
that hypoalbuminemia associated with a no 
mal test may follow malignant disease ov 
side the gastrointestinal tract even befo 
weight loss and malnutrition set in (Tak 
IIT). The demonstration of an abnormal te 
in a hypoproteinemic case of carcinoma 
the colon is an indication that a plasma pt 
tein leakage may be associated with. mali 
nant disease everywhere in the -gastrointe: 
inal tract. Kippen, Palmer & Kirsner (194 
described a case of lymphoblastoma in 
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mall intestine with severe hypercatabolic 
typoalbuminemia (demonstrated by the 
apid disappearance of infused plasma). 
They did not discuss the low serum protein. 

The occurrence of protein-leakage in re- 
ional enteritis and ulcerative colitis is now 
well established (Steinfeld e¢ al., 1960, Vesin 
t al., 1960). 

An abnormal test may also be found in 
tteatorrhea, which is often associated with 
lypoproteinemia. Thus Parkins (1960) 
ound an abnormal test in 4 of 11 cases of 
sprue syndrome (all with atrophic mucosa 
n intestinal biopsies), but strangely enough 
here was no tendency for higher fecal 131]- 
xcretion in patients with low serum albu- 
nin. In the present report an abnormal test 
was found in one case of chronic pancreatitis 
ind in 4 postgastrectomy syndromes associ- 
ited with steatorrhea. Vesin et al. (1960) 
‘eported a case of chronic jejuno-ileitis with 
tteatorrhea and marked gastrointestinal pro- 
ein loss, and a similar case has been de- 
cribed by Schwartz & Jarnum (1959) 
here listed in Table II as No. 11). They 
ound this combination in another patient too 
vho suffered from intestinal granulomatosis 
Table II, No. 9). An identical mechanism 
vas highly probable in a case of massive 
ejunal diverticulosis reported by Watkinson, 
‘eather, Marson & Dossett (1959). The 
atient, a 64-year-old man, had severe stea- 
orrhea with marked hypoproteinemia (4.3 
‘per 100 ml) and Addisonian-like anemia. 
fhe latter could be quite succesfully treated 
y B,. and folic acid, but resection of the 
liseased jejunum resulted in complete re- 
aission. 

Thus gastrointestinal protein loss can be 
elated to not less than 5 (probably 6) 


different types of steatorrhea. On the other 
hand, a review of the. world literature on 
idiopathic hypoproteinemia (133 patients) 
revealed that steatorrhea had been a conco- 
minant finding in 30 patients. No steatorrhea 
was present in 21 patients. In the remaining 
82 the authors did not mention the fat con- 
tents of the stools. 

The interrelationship between abnormal 
protein loss and steatorrhea is remarkable. 
Both findings may reflect an abnormally high 
transfer of protein- and fat-rich fluid (the 
source of the chylus) from the interstitial 
space of tthe villi to the lumen of the gut, 
but one is not in a position to say whether 
this is due to an abnormal epithelial leakage, 
to obstruction of the efferent pathways (1. e. 
intestinal lymphatics), or merely to an in- 
creased formation of interstitial fluid. The 
high incidence of chylous effusions (especi- 
ally chylous ascites) and dilated lymphatics 
in the small intestine (Gordon et al., 1959) 
in idiopathic hypoproteinemia are indicators 
of a lesion or an abnormal function of the 
intestinal lymphatic apparatus. 

The relation between serum albumin and 
fecal 131[-excretion following intravenous 
131J]-PVP in idiopathic hypoproteinemia was 
roughly the same as that predicted and 
found by Gordon (Gordon e¢ al., 1959) in 
his 11 cases. The normal 131]-excretion lay 
below 1.01 per cent of the injected dose. It 
is not possible to decide whether this origi- 
nated from the normal “leakage” of plasma 
proteins (Holman, Nickel & Sleisenger 
1959, Armstrong, Margen & Tarver 1960, 
Wetterfors, Gullberg, Liljedahl, Plantin, 
Birke & Olhagen 1960). It may be so as 
fecal 131] is appreciably higher than after 
intravenous 131]-albumin which is digested ‘n 
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the gut with the result that most of the label 
is reabsorbed (leaving less than 0.4 per cent 
in the stools (Jarnum, 1961)). On the 
other hand it may have been excreted in 
the bile like the 14C-labelled PVP applied by 
Ravin et al. (1952).: 


SUMMARY 
Experience with Gordon’s 131I-PVP as a 
test substance in gastrointestinal protein loss 


is reported. 
In vitro and after incubation with homo- 


genized stools, the fraction of non-dialysable - 


131] remained essentially constant. 

79 patients were studied. 

10 had oral 121J-PVP and lost from 36 to 
87 per cent of the label in the stools. 

22 control subjects had intravenous 131]- 
PVP. The cumulative mean 151]-excretion 
in feces in a 5-day period was 0.52 per cent 
of the injected dose, range (mean + 2X 
SD): 0.03—1.01 per cent for 20 different 
batches containing a dialysable 131]-fraction 
of 6—52 per cent (determined by dialysis 
through a cellophane membrane). The initial 
distribution volume of 181J-PVP (15 minutes 
after injection) was directly related to the 
dialysable fraction of the injected PVP, and 
urinary 181J-excretion was less when the 
fraction of non-dialysable 131I was high. 

A PVP test was performed in 47 patients 
of whom the great majority was hypopro- 
teinemic. It was abnormal in all 12 cases of 
idiopathic hypoproteinemia, in 8 with gastric 
carcinoma and 1 with carcinoma of the colon, 
in 1 with regional enteritis and 1 with ulcer- 
ative colitis, and in 7 patients with stea- 
torrhea of various origin. 

The remarkably high coincidence of ab- 
normal gastrointestinal protein loss, stea- 
torrhea, dilated intestinal lymphatics and 


chylous effusions is discussed. It may refle 
an impaired or insufficient ere of dl 
interstitial fluid of the villi.” a 
- An inverse correlation was sito betwe 
serum albumin concentration and fecal 1 
output in idiopathic hypoproteinemia. It 
concluded that, at present, an abnormal PV 
test is the most reliable indicator of a gastr 
intestinal protein leakage and the only o: 
to permit a direct — although relative - 
estimation of the size of the leakage. 
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The introduction of 134I-labelled polyvinyl- 
pyrrolidone (131I-PVP) (Gordon, 1959) has 
made. it possible to establish the presence of 
an abnormal gastrointestinal leakage of plas- 
ma proteins. After intravenous injection of 
the high molecular polymere, an abnormally 
high amount will escape from the blood to 
the gastrointestinal tract and can be re- 
covered in the stools as it is left unchanged 
by the digestive enzymes. 

Similarly, some of the intravenously supp- 
lied 131J-albumin will leak out, but being a 
protein it is split by enzymatic breakdown, 
and most of the label is reabsorbed and 
leaves the body via the kidneys. Only a frac- 
tion of 1311 remains in the gut and the amount 
eventually passed on in the stools will be 
much less than the amount leaked out. Act- 
ually this was the rationale for introducing 
an inert substance like PVP. 

However, no report has been published on 
the fecal 131J-excretion following intravenous 
131]-albumin injection in normoproteinemic 
subjects and patients suffering from hypo- 
proteinemia of various origin. Below such 


1 This work was supported by grants from 
Statens Videnskabsfond, Kong Christian den X’s 
Fond and Fonden af 21/12 1956 til Lagevidenska- 
bens Fremme. 


investigations are reported together wit 
comparison of 13!]-albumin and 131J-PVE 
diagnostic tools in protein-losing gas 
enteropathy. 


PATIENTS 
Control patients. 

15 patients with normal serum albumin con 
tration served as controls (Table II). None 
fever, all had a normal hemoglobin concentra 
and erythrocyte sedimentation rate. Most of t 
suffered from duodenal ulcer, but they were - 
quiescent phase without vomiting or pains. All | 
im.a good nutritional state. One (No. 9) had b 
in his feces, another (No. 3) trace of blood, 
rest of them had no gastrointestinal bleeding 
3 patients (1, 13 and 14) a mild diarrhea occu 
during the study. 


Hypoproteinemic patients with gastrointestinal 
disorders. 

28 patients with hypoproteinemia and vat 
gastrointestinal diseases were investigated. 1 
were subdivided according to their 134J-albumin 
gradation rate (for further discussion of this p 
see later). The normal degradation rate amouni 
10 per cent of the intravascular albumin pool 
day (absolute value: about 0.2 g per kg per | 
with a range of 5.6—14.4 per cent per day (Jat 
& Schwartz, 1960) based on the results of ! 
albumin studies in 20 hospitalized patients o: 
ages suffering from a variety of diseases not 
fecting the serum-protein concentration. 

Group A: 12 patients with hypercatabolic h 
albuminemia, 7. e. a degradation rate exceeding 
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r cent of circulating albumin per day (Table III). 
of the patients had hypertrophic gastritis (Nos. 1 
d 2), 1 gastric papilloma with malignant trans- 
‘mation (No. 3), 1 ulcerative gastritis and post- 
strectomy syndrome (No. 4), 1 ulcerative colitis 
lo. 5), 1 intestinal lymphogranulomatosis (No. 9), 
patients (Nos. 6-7-8-10) had unknown intestinal 
ease (“‘protein-losing enteropathy”). The last two 
ses (Nos. 11 and 12) were 2 otherwise normal 
ser patients studied in the immediate postopera- 
e period after partial gastrectomy. 

Group B: included 16 cases with normocatabolic 
poalbuminemia (Tables IV and V). 4 patients 
d presumed hypertrophic gastritis (radiological 
idence). Im one of these a giant hypertrophic 
stritis was found on partial gastrectomy. 4 suf- 
red from a postgastrectomy syndrome, 1 had 
stro-entero-anastomosis, 4 gastric carcinoma, 2 
ginal enteritis and one the sequelae of massive 
restinal resection (all of the ileum except the 
stal 5 cm). 


ypoproteinemic subjects without gastro- 

testinal disease. 

Investigations were undertaken in 8 cases of 
poalbuminemia and diseases which did not pri- 
arily affect the gastrointestinal tract (Table VI). 
ne patient had myxgdema, 3 chronic infections 
d 4 nephrotic syndromes. 


: METHODS 

1317-albumin was prepared according to the 
sthod of Veall, Pearsom and Hanley (1955). 
pout 99 per cent of the activity in the final pre- 
ration was precipitable by trichloracetic acid. 


vitro experiments. 

As a certain proteolytic activity is present in 
e stools, experiments were designed to evaluate 
e “fecal degradation rate’ of admixed plasma 
oteins. Homogenized feces from 3 patients were 
cubated with 14J-albumin and in an additional 
periment with NaI. After incubation (room 
mperature) for 1 and 24 hours, samples were 
thdrawn and dialyzed in cellophane bags against 
) per cent sodium chloride or running tapwater 
r 3 hours. TCA-precipitable activity was deter- 
med at the same intervals. Protein- and iodine- 
trier (plasma and 20 per cent potassium iodine 


respectively) was added to all homogenates pre- 
vious to incubation. 

The amount of non-dialysable 1°4I spontaneously 
excreted in the feces was ordinarily not examined, 
partly because the activity was too small to obtain 
a reasonable accuracy. 


Patient studies. 

30—50 eC of 1J-albumin were injected intra- 
venously. Blood was withdrawn after 15 minutes 
and at daily intervals for about 8 days. Plasma 
activity was measured in a well type scintillation 
counter. 5 days (120 hours) after the injection 1 g 
carmine was given per os. Stool collection began 
immediately after the injection and continued until 
the stools became red. They were mixed and homo- 
genized in a blender after addition of water. The 
activity of 500 ml was measured in a scintillation 
counter designed for large volumes. 

The same procedure was followed after intra- 
venous injection of@4J-PV P.1 

To prevent thyroid 1%4I-uptake, 1.3 g potassium 
iodide was supplied daily for about a week com- 
mencing on the day of injection or 1-2 days before. 

Nitrogen and fat analyses of feces were made 
in several of the hypoproteinemic subjects. 

24-hour urinary specimens were counted for 
about 8 days. 

Serum-protein was determined by Kjeldahl ana- 
lysis, serum-albumin by paper electrophoresis 
(Laurell, Laurell & Skoog, 1956). 

131J-albumin turnover was calculated after the 
method of Pearson, Veall & Vetter. Where quan- 
titative urine collection could not be ascertained, 
the method described by Matthews (1957) was 
applied (mathematical analysis of plasma activity 
curve). 


RESULTS 
In vitro experiments. 

After a 24-hour incubation of #31J-albumin 
with feces, an appreciable amount of protein- 
bound activity was still present (Table I), as 
4 times as much 131!I was retained in a cello- 


1 131]-PVP was kindly supplied by Robert Gor- 
don, Bethesda, U.S.A. 


oy Table I. Non-dialysable I in feces after incubation in vitro 
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with 1]-albumin and Na’*I. 


Feces 
incubated 
with 


Diagnosis 


Te. IER Steatorrhea, Protein - 181]J-Albumin 
losing enteropathy 
2. M. Int. Resection » 
Steatorrhea 
gh dele Gastritis » 
3a H.S. » Na!!I 


phane bag as after incubation with Na31I. 

This applied to both normal stools (No. 3) 
and stools from patients with steatorrhea 
(Nos. 1 and 2) and one with protein-losing 
enteropathy (No. 1). 

10 per cent trichloracetic acid precipitated 
86 and 39 per cent of the activity in Nos. 1 
and 2 respectively after a 24-hour incuba- 
tion. Preliminary addition of trypsin inhibi- 
tor! impaired the breakdown to some extent. 


Fecal 131]-excretion m control patients. 


Fecal 181 in 15 control patients amounted 
to an average of 0.14 per cent of the injected 
dose in 5 days, (Table II). Standard devia- 
tion (SD) was + 0.08 per cent. As statistical 
inaccuracy of the net count of feces (to be 
discussed later) was considerable, the normal 
range is given as mean + 3 SD. Hence it 
follows that the upper limit of 181I-excretion 
is 0.39 per cent. 

Expressed as a fraction of total 1811 ex- 
creted (urine + feces) the fecal 131I con- 
stituted up to 1.8 per cent. 

Incidentally 3 patients had some diarrhea. 
This did not place them in the upper part of 
the 181]-excretion range. The same applied 


1 Soybean trypsin inhibitor was 
NOVO, Copenhagen. 


supplied by 


Non-dialysable 
131] after addition o} 
trypsin inhibitor 
’ 24 hours’ incubation 


Non-dialysable 
. 181]-fraction (%) 
after 


1 hour 24 hours 


92 85 91 
89 81 94 
90 
Ze 


to one patient with blood and another o 
with trace of blood in feces. 

It appears from Table II, where t 
patients are listed according to their albu 
degradation rate (beginning with the low 
one), that there was no relation betwe 
degradation rate and 131] content of stoc 

Fecal nitrogen averaged less than 17 
per day (mean + 2 X SD). 
Hypoproteinemic patients with gastro- 
intestinal disease. : 

Group A. 12 patients with hypercatabe 
hypoalbuminemia. All these patients had 
abnormally high 131]-excretion in the sto 
(Table III). The highest excretion (1 
per cent) was found in a patient with sev 
ulcerative colitis (No. 5) and in an inf 
(No. 10) with protein-losing enteropat 
(more than 6.0 per Satie Both of them I 
diarrhea. 

Except in case No. 5 with ulcer 
colitis, no relation was found between ! 
and nitrogen content of the stools. Patie 
with steatorrhea had no specially high * 
excretion. 

Fecal 18!]-output expressed as fraction 
the total amount of 181] excreted was non 
in 4 of the 12 patients. 

In case No. 6 a little more than half | 
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Fecal 41], ®/o 


Degradation 
rate, "/o of 


c. alb./day 


10 20 30 40 50 60 70 80 
wa: normal range 

PI: ulcerative colitis 

DSN: protein-losing enteropathy 


iz. 1. The relation between fecal 1%1]-excretion 

lowing intravenous ™!J-albumin injection and 

bumin degradation rate in 12 patients with hyper- 
catabolic hypoalbuminemia. 


sr cent) of the activity was non-dialysable. 
No paralleliism was found between fecal 
1J-output and albumin degradation rate 
Fig. 1) or serum albumin (Fig. 2). How- 
yer, it appeared that in all patients with 
‘tum albumin below 2.4 g per 100 ml, fecal 
1_output was higher than 1 per cent of the 
jected dose, and in the rest it was lower. 
Of the 4 patients with gastric diseases 
Nos. 1—4) albumin was detectable by paper 
ectrophoresis of gastric juice in 3. In the 
mirth one (No. 1) gastric juice was con- 
stently acid and proteolytic, which invalid- 
ed the electrophoretic tracking. 

Group B. 16 patients with gastrointestinal 
isease and normocatabolic hypoalbumin- 
mia. In 9 patients (Table IV) the fecal 
1J-output was normal, in 7 (Table V) it 
as abnormally high. 

Normal 131I-excretion was found in 3 
artially gastrectomized patients (including 
ae with steatorrhea), in one with a gastro- 
itero-anastomosis, in 4 with gastric carci- 
oma and in one previously subjected to 
lassive intestinal resection and now suf- 
ting from marked steatorrhea. 


The series of 7 patients with abnormal 
131]-excretion included 2 with postgastrec- 
tomy syndrome, 3 with hypertrophic gastritis 
and 2 with regional enteritis. The highest 
131]-excretion (4 per cent of the injected 
dose) was found in case No. 6 (Table V) 
with regional enteritis. Her degradation rate 
(8.3 per cent of circulating albumin per day) 
was below normal mean (10 per cent), and 
her absolute turnover (0.13 g per kg per day 
— presumed to equal albumin production) 
was in the lower part of normal range (0.13 
—0.28 g per kg per day) (Jarnum & 
Schwartz, 1960). In 2 patients (Nos 4 and 
5) the fecal fraction of the total amount of 
1317 excreted was normal, 

A special note should be devoted to case No. 5 
with hypertrophic gastritis and hypoproteinemic 
edema. A J-PVP test was abnormal. He was 
subjected to partial gastrectomy. After the opera- 
tion his hypoproteinemia and edema disappeared, 
131]-PVP became normal (Schwartz & Jarnum 
1959). 


Hypoproteinemic patients without gastro- 
intestinal disorders. 

These 8 patients (Table VI) included 4 
with a rapid albumin turnover (3 nephrotics 


Fecal 181], %/o 


1 2 70 3 4 Sera 
ezza: Normal range albumin 
7 Ulcerative colitis g/100 ml 


OSWN:Protein-losing enteropathy 
Fig. 2. The relation between fecal I and serum 
albumin concentration in 12 patients with hyper- 
catabolic hypoalbuminemia. 
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Table IV. 9 patients with normocatabolic hypoprotenema, 
gastrointestinal disease, and normal fecal *'1-output. 


; . Serum 
Diagnosis naan 
g/100 ml 
1, GFE oO 43 | Postgastrect. 
+ macroc. anemia 2.46 
2. F.L. 3 62 | Postgastrect. 
-- steatorrhea 2.95 
BASAL 73 | Gastro-entero-an- 
“| ast. + card. fail. 2.55 
4. C.C. 3b 57 | Gastr. carcinoma 2.85 
bytes © 28 | Hypertr. gastrit 
+ acute tonsillit 3.17 
6. C.R. 2 64 | Gastr. carcinoma 
+ chylothorax 3.38 
7.R.C. 3 69 | Gastr. carcinoma 1.48 
retell Sars 53 | Gastr. carcinoma 
; -++ cutan. metast. 1.87 
9. P.N. 3 48 | Massive intest 
resection 2.88 
Normal range 3.77-5.05 


*M: calculated after Matthews (1957). 


Albumin turnover Fecal 1*1J-output 


in 5 days 
Relative Absolute % of | % of tate 
% of inj. dose 131] _ 
c. alb./day | g/kg/day excret. 


6.1 0.12 0.27 1.43 
7.4(M)*| 0.17 0.39 1.99 

8.8 0.14 0.20 0.49 

9.7 0.19 0.25 0.90 
13.9-9.6** 0.16 0.05 0.03 
11.5 0.11 0.36 2.04 
12.5 0.12 0.23 0.90 
12.9 0.18 0.26 0.88 
10.1 0.19 0.31 1.71 
56-144 _ 013-028 0.40. ene 


**Case 5 (T.I.) contracted an acute tonsillitis on the third day of ™J-albumin study. Her 
degradation rate was on an average 13.9 per cent/day during the period of fever (4 days) 
and 9.6 per cent/day during the subsequent 6 days. 


and one with a pyelonephritis supervening a 
chronic hepatitis). An abnormal fecal 131]- 
output was found in only one patient (case 
No. 8 with nephrosis). His “prerenal’” de- 
gradation rate, calculated from non-protein- 
bound urinary activity, is given parenthetic- 
ally. It was considerably higher than normal. 
He displayed no signs of gastrointestinal 
disease, and a 131-PVP test was normal. 

Comparison of fecal 131]-output after intra- 


venous administration of 131J-PVP 
and 131]-albumin. 

The normal 13!]-excretion after intra- 
venous injection of 131]-PVP in 22 normo- 
proteinemic control patients has been found 


to be 0.03—1.01 per cent of the injected do 
(mean + 2 SD). The highest value actua’ 
found was 1.00 per cent. None of these i 
cluded patients who served as 181]-alburr 
controls. (Jarnum, 1961). 

Comparative studies were done in 
hypoproteinemic patients .The results 2 
listed in Table VII. The first 14 patiet 
suffered from various gastrointestinal d 
orders, and 12 of these had an abnorn 
131T-excretion after both 131]- albumin a 
1311-PVP. 2 patients — No. 7 with a po 
gastrectomy syndrome and one nephro 
(No. 15) — displayed a normal 131]-exe 
tion in both tests. In two patients the te 
disagreed: In No. 6 R.C. with gastric car 
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ma, the PVP test was slightly abnormal, 
it fecal 1811 after 131[- albumin was normal. 
_ No. 16, J.J. with nephrosis, the adverse 
sult was found. 

The relation between fecal 131]-excretion 
ter 181]-albumin and 1381J-PVP on the one 
nd and albumin degradation rate on the 
her hand is graphically demonstrated in 
ig. 3. It appears that a high 131J-excretion 
ter PVP generally reflected a high degra- 
tion rate, whereas no such relation was 
esent after 131]-albumin. 


DISCUSSION 

The content of radioactivity in a given sample of 
ses homogenate was calculated as the difference 
tween two counting rates: that of the sample and 
e background value which was about 110 counts 
r minute (cpm). Background was counted for 
0—) 30 minutes giving a proportional standard 
ror of (3—) 1.7 per cent. As the net count of 
veral samples of low activity was given as a 
wall difference between two proportionally high 
uniting nates, the standard error of the net count 
came considerable. Thus, in two of the 15 con- 
7 patients (Table II) the fecal activity was less 
an 10 per cent of background. In the rest of 
em the net counting rate varied from 25 to 80 
r cent of background. The samples were counted 
r 10 to 30 minutes. The standard error of the net 
unt (SE,) was calculated from the formula 


SEn = /SE; + SE? 


vere SE, and SE; were standard errors of the 
ckground and sample respectively (Francis, Mul- 
am & Wormall, 1959). A net count of 25 per 
nt of background would thus give a proportional 
wndard error of 15 per cent when both background 
d sample were counted for 10 minutes. This 
presented the maximum proportional standard 
ror in 13 of the 15 contnol values. 

Concerning the “hypercatabolic” patients (Table 
I) a considerable amount of activity was present 
feces in every case. The net count ranged from 
0 to 1350 per cent of background resulting in a 
opontional standard error which in most cases 
is appreciably less than 5 per cent. 

In “‘normocatabolic” patients with an abnormal 
Lexcretion (Table V) — a group in which a 
tistical evaluation was essential — the met count 
the stools was from 100 to 450 per cent of back- 
ound. The maximum proportional standard error 
rived from radioactive measurement was 5.2 per 
nt. Additional errors arose from collection of 


sample, weighing etc., but they practically all tend- 
ed to underestimate the actual fecal 1%4J-excretion. 
If this was, say, 0.40 per cent of the injected dose 
(4. e. just above upper normal limit) then the pro- 
bability that this was a fortuitous deviation from 
normal mean would still be less than 0.01. 

Hence it may concluded that in all cases where 
an “abnormal” fecal excretion was found, it was 
significantly above the normal excretion range. 


The in vitro experiments permitted the 
conclusion that the breakdown of proteins in 
feces proceeded at a rather slow rate (about 
one fourth in 24 hours), but naturally this 
was only a rough approximation of the real 
conditions in the colon. However, it might 
suggest that if an abnormal amount of 131]- 
albumin passed the ileocoecal valve, then at 
least part of it could be recovered from the 
stools. 

In the present investigations stool collec- 
tion was continued sometimes until 7 or 8 
days. after the injection of 11]-albumin or 
1317-PVP, because the passage of carmine 
might last 2 or 3 days. This long collecting 
period was chosen first to ascertain that the 
stools examined might contain the total 
amount of 131] leaked out in a full 5 days 
period (even in the stomach), and secondly 
because the evaluation of daily fecal loss of 
nitrogen and fat became more accurate the 
longer the period was. 

In the socalled idiopathic hypoproteinemia, 
a syndrome of hypoproteinemia and edema 
without evidence of renal or hepatic failure, 
a rapid (‘‘hypercatabolic”) turnover of serum 
albumin as determined by 1°1]-albumin has 
been repeatedly observed (Bariéty & Gajdos 
1959, Cattell & Norris 1957, Corbeel, Mal- 
brain & Visscher 1954, Gordon 1959, Gross, 
Embree, Bally, Shipp & Thorn 1960, Hol- 
man, Nickel & Sleisenger 1959, Janssen 
1957, Schwartz & Jarnum 1959, Schwartz 
& Thomsen 1957, Thorn, Renold, Froesch 
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Table V. 7 patients with normocatabolic hypoalbuminemia, gastric ( 1-5) 
or intestinal (6-7) disease and abnormal fecal ***1-output. 
Albumin turnover Fecal 4#1]-output : 
in 5 days ‘ 


Serum 
albumin 


Diagnosis 


Relative / Absolute 


‘ 
ie) 
% of 1 OL 7 


% of inj. dose 


g/100 ml] c.alb./day | g/kg/day excret. 

1.EJ. 3 Postgastrect. 5.8 0.55 4.32 
2. S.A.H. 3 Hypertr. gastr. 6.8 0.74 3.95 
BER: 2S Postgastrect. + 

steatorrhea S257 10.6 1.71 5.01 
4. K.F. 3 Gastric ulc. + 

hypertr. gastr. 3.16 110 0.48 1.62 
5. H.M. 3 Hypertr. gastr. 2.45 13.4* 0.47 1.68 
5a H.M. After part. 

gastrectomy 3.78 8.0 0.14 0.79 
6.S.M. 2 Reg. enterit. 

steatorrhea 2.70 8.3 3.99 152 
7.N.T.K. 3 |19 | Reg. enterit. 1.90 13.4 1223 2.98 
Normal range 3.77-5.05 5.6-14.4 0.13-0.28 <0.40 <1.8 


*In case 5 (H.M.) ®I-albumin was given after a period of serum infusions. 


& Crabbé 1956). Furthermore, an abnormal 
gastrointestinal leakage of high molecular 
substances has been demonstrated in every 
case examined with 131J-PVP (Gordon 1959, 
Hsia, White & Hugh-Jones 1959, Martini, 
Strohmeyer & Bunger 1960, Royer 1960, 
Schwartz & Jarnum 1959, Vesin, Renault & 
Cattan 1959, Vesin, Troupel, Acar, Renault, 
Desbuquois & Cattan 1960, Young, Fowler, 
Barnett & Miles 1959). Accordingly a pro- 
teinleaking lesion of the gastrointestinal tract 
would be expected in all cases of hypercata- 
bolic hypoalbuminemia without renal or he- 
patic involvement. This was the reason why 
the present material of hypoalbuminemic pa- 
tients with gastrointestinal diseases was sub- 
divided into hyper- 
groups. 


and normocatabolic 


In Table III it was shown that in the 
hypercatabolic group all subjects displayed 


an abnormal fecal 131I-excretion followi 
intravenous 131]-albumin injection. Eight 
the 12 patients could be termed idiopatt 
hypoproteinemia as gastrointestinal coi 
plaints were lacking or insignificant. In 6 
these a 131]-PVP test was performed. It w 
abnormal in every case. . 
In 4 patients (Nos. 1, 5, 11, 12) hyj 
albuminemia was a secondary finding. 
only one of these (No. 1) was a PVP t 
done, which, too, was abnormal. Thus, it 
of 12 cases an abnormal gastrointestinal pl 
ma protein leakage had been indirectly | 
monstrated by aid of 181J-PVP, and in ~ 
remaining 5 patients ‘(Nos. 2, 5, 9, 11, | 
a plasma protein leakage was highly proba 
owing to the nature of their disease and th 
hypercatabolic hypoalbuminemia associa 
with a normal or even increased turnovel 
absolute terms (g per kg per day). 
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Table VI. Fecal *“-output in hypoalbuminemic patients with 
diseases not affecting the gastrointestinal tract. 


Serum 
albumin 


Age Diagnosis 


g/100 ml 


BEN. 2 Myxoedema 2.65 
SL... 5 Chron. iafect.(?) 

disease, emaciation 2.01 
BOL. 9} 54 Lupus eryth. diss. 

with proteinuria 2.62 
M.N.¢] 78 | Pyelonephritis + 

chron. hepatitis 1.60 
mre. 75 Nephrotic syndr. 

++ cirrhosis 1.09 

Nephrotic syndr. + 
2.5.6 42 Prim. amyloidosis + ere 

Postgastrectomy 
_.E.H.g¢ | 49 Nephrosis 1.80 
4.).6 62 Nephrosis 1.09 
lormal range 3.77-5.05 


1: Myxgedema. 2—4: Chronic infections. 


Albumin turnover Fecal 1*1]-output 


in 5 days 


Relative Absolute oe Of OOF 
ey Ok tot. 181]- 
c. alb./day g/kg/day inj.dose excret. 


6.4 0.08 0.17 W233 

8.5 0.13 0.15 0.69 

10.3 (8.6)* 0.13 0.02 0-1 
15.2 0.12 0.10 0.37 
13.4 (6.5) 0.05 0.07 0.29 
23.7 (191) 0.21 0.20 0.49 
29.5 (11.0) 0.16 0.09 0.14 
45.5 (23.8) 0.21 0.45 0.77 
5.6-14.4 0.13-0.28 <0.40 <1.8 


—8: Nephrotic syndromes. *Parenthetical figures denote the degradation rate calculated from 


non-protein bound urinary !1J-activity. 


It appeared that the fecal 131]-excretion 
hould be given as per cent of the amount 
jected and not of the total amount excreted 
ecause, in case of the latter, 4 patients fell 
iside the normal range. The 2 patients with 
ne highest 184J-excretion (Nos. 5 and 10) 
ad diarrhea. Otherwise no relation seemed 
9 exist between fecal 1%J-output and 
jarrhea. 


The stools fromZ6 normocatabolic patients with 
astrointestinal disease contained an abnormal 
mount of 131] an 7 cases (Table V). In 5 of these 
cases 3—7) a PVP test was performed. It was 
bnormal in 4, but not significantly abnormal in 
ne (No. 7) who unfortunately had a bad PVP 
reparation in which almost all 1%!-I was dialysable. 

It may be questioned whether an abnormal 
astrointestinal protein loss could be possible in 
atients with a degradation rate of serum albumin 
thich is lower than the normal mean (Cases 1, 2, 
). However, as long as there is disagreement re- 
arding the normal site (or sites) of plasma pro- 
sin degradation, it is difficult to argue againist the 


possibility of this combination. One of these pati- 
ents (No. 6) suffered from regional enteritis, a 
condition in which an abnormal protein loss is well 
established (Steinfeld, Davidson & Gordon 1957, 
Steinfeld, Davidson, Gordon & Greene 1960). Ac- 
tually she displayed an abnormal fecal 11I-excre- 
tion after both 1J-albumin and 1%I- PVP. 

A normal 1%1J-excretion after 1%1J-albumin was 
found in 4 patients with gastric carcinoma (Table 
IV). This was somewhat surprising, as it has pre- 
viously been shown that an abnormal plasma pro- 
tein loss in the stomach iis usual in this condition 
(Jlarnum & Schwartz, 1960). In the present series 
of 4 patients, a PVP test was performed in only 
one (No. 7). It was slightly abnormal. The albumin 
degradation rate was above the normal mean — 
but within the normal range — in three of them. 

The stools contained an abnormal 1%4J-amount in 
one of 8 hypoalbumiinemic patients without gastro- 
intestinal disease (Table VI, No. 8). This was a 
nephrotic whose “prerenal”’ albumin degradation 
rate was considerably higher than normal. This 
might reflect an abnormal gastrointestinal protein 
loss, but his PVP test was: normal. 


In conclusion it can be stated that the 
fecal 131]-excretion following intravenous in- 
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Table VII. ™I-excretion after intravenous administration of 11]-polyvinylpyrrolido 
(131]-PVP) and !]-albumin to 16 hypoalbuminemic patients. 


Diagnosis 


Fecal 1#4J-output in 5 days . 
after i. v. injection of ‘ 


1. E.N. 3g Hypertrophic gastritis + duod. ulcer 1.46 0.43 ‘ 
Oran .@S arey Hypertrophic gastritis + gastric ulcer £75 0.48 
4 TS EMIS oh Hypertrophic gastritis 3.38 0.47 
3a H.M. 3 After partial gastrectomy 1.03 0.14 
4. 8.T. 2 Ulcerat. gastritis 4.47 1:23 
5. W.D. 3 Gastric papilloma S231 1575: 
5a W.D. 3 After partial gastrectomy 0.16 
6) ReGrS Gastric carcinoma Gi 9 0.23 
Ue Galia® Postgastrectomy syndr. + steatorrhea 0.36 0.27 
fala LRUNY, Postgastrectomy syndr. -++ steatorrhea 1255 Lad 
9. E.S. 9 Protein-losing enteropathy 4.14 0.58 
10) BPA Protein-losing enteropathy 5.93 1.18 
Adee Recs: Protein-losing enteropathy 7.95 0.66 
a2> DSIN- 2 Protein-losing enteropathy 4.58 5.97 
(3 days) (2 days) 
SINE Kas: Region. enteritis 1.01% 1.23 
14. S.M. 2 Region. enteritis 2.86 3.99 
AE SSI ies Nephrosis 0.11 0.20 
Wyse ees Nephrosis 0.29 0.45 
Normal value | | <1.02 | <0.40 


*The 131[-PVP-preparation ‘applied in N.T.K. was of poor quality. Most of the I passed a cellopha 


membrane. 

jection of 131]-albumin may be used as a 
reasonably reliable indicator of an abnormal 
gastrointestinal protein loss. Thus it was ab- 
normally high in 12 cases of gastrointestinal 
disease with a hypercatabolic hypoalbumine- 
mia and furthermore in 7 patients with gas- 
trointestinal disease and normocatabolic 
hypoalbuminemia among whom 5 were 
shown by other means to suffer from an 
abnormal gastrointestinal protein loss. 

In 2 patients — one with gastric carci- 
noma (Table IV, No. 7) and one with 
nephrosis (Table VII, No. 8) — the 131]- 
PVP test was contradictory. 

In the literature the fecal 131]-excretion 
following 11I-albumin injection has been 
considered an unreliable indicator of protein 
leakage, but few data are available. In 1957 


Steinfeld, Davidson & Gordon reported tk 
they found from 10 to 50 per cent of intt 
venously injected 11. (as 131]-albumin) 
the stools from patients with regional ent 
ritis and ulcerative colitis as opposed to 
figure of 0.1 to 1 per cent in patients withe 
gastrointestinal disease. Recently they ha 
published further observations on the sat 
two diseases (Steinfeld, Davidson, Gord 
& Greene, 1960). In control subjects th 
found a quite insignificant amount of 131] 
the stools after intravenous injection of be 
13liodide and 131[-albumin (curiously enou 
it was almost three times higher af 
131]-albumin). During induced  diarrk 
(MgSO,), fecal 131I loss increased ce 
siderably, but it was still below the upf 
normal limit given in the present investi 
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ns. It was confirmed that in regional 
ss may greatly exceed the normal values, |, 
id in ulcerative colitis about 50 per cent of 

e activity was protein-bound. 


In a case of idiopathic hypoproteinemia, 
owler & Miles (1958) found that fecal 131]- 
cretion following intravenous 13!]-albumin 
ade up from 1 to 8 per cent of total daily rec 
‘excretion. Less than 2 per cent of fecal 
‘IT was protein-bound. Later, (Young, Fow- 
r, Levine & Miles, 1959) an abnormal 
VP-test was demonstrated in the same 
tient. 

Freeman (1958) studied a man with idio- 
ithic hypoproteinemia by means of 131]- 
bumin and 1%1J-gamma-globulin. He found 
rapid turnover in either case (about 40 per 
nt of circulating protein was degraded per 
| hours). Not less than 30 per cent of the 
tal daily 13!J-excretion left the body as 
otein-bound 1%!I in the stools in the 131]- 
umma-globulin study. Furthermore he de- 
onstrated protein-bound activity in duo- 
nal juice. It appears as if Freeman was 
e first to suggest and bring evidence of a 
strointestinal protein leakage in idiophatic 
poproteinemia. 

Common in these reports is the fact that 
| patients investigated suffered from intest- 
al disease. It might be expected that a 
akage of plasma protein in the gut would 
sult in part of the protein or its break- 
ywn products leaving the body wia the 
pols, because the passage through the re- 
aining intestinal tract would not permit a 
mplete reabsorption. However, in “gastric 
otein losers” it seems strange that a com- 
ete reabsorption should not take place, 
pecially when one considers that orally 


ae ; 1817-glbumin 
itteritis and ulcerative colitis the fecal 181] degradation 


2317_galbumin 


; Hypercat. hypoalbuminemia 


rate, */o of 
b. per che 


Gastrointest, disease 


al 131] (9/0) 
after 


1817-PVP 


@zza: normal range 
Fig. 3. Fecal 11I-excretion after intravenous injec- 
tion of 11]-albumin (above) and 1%I-polyvinyl- 
pyrrolidone (below) in 16 patients with hypercata- 
bolic (left) and normocatabolic (right) hypoalbu- 
minemia. 

The arrows denote changes following partial gas- 
trectomy in patients with protein-losing gastro- 
pathy (W.D. and H.M.). 

The middle two patients (S.S. and J.J.) were 
nephrotics, all other patients suffered from gastro- 
intestinal diseases. 

* The actual 14I-PVP excretion in stools from 
D.S.N. was considerably higher, as only stools 
from days 1 and 3 after injection could be collected. 


supplied 131J-albumin is almost completely 
broken down and the 13!I absorbed. Never- 
theless the stools contained an abnormal 
amount of 131] following intravenous 11I- 
albumin in 5 cases of “‘protein-losing gastro- 
pathies” in whom the diagnosis had been 
confirmed by an abnormal PVP test (Table 


Normocat. hypoalb 


Nephrotic|Gastrointest disease 
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VII, Nos. 1—5). In only one case of gastric 
disease were the two tests discordant (No. 6 
with gastric carcinoma). 

A certain relationship was found between 
albumin degradation rate and the amount of 
fecal 131] following intravenous injection of 
131]-PVP, but none after 1%1J-albumin (Fig. 
3). Thus it would appear that a quantitative 
estimation of gastrointestinal protein loss is 
permissible — although not very accurate — 
from fecal 431] after 181J-PVP. In this respect 
131]-albumin was useles, but as to the qualita- 
tive assessment whether there was abnormal 
gastrointestinal plasma protein leakage or 
not, it seemed to be quite efficient. Thus 
measurement of fecal content of radioactivity 
is recommended when 13!]-albumin degrada- 
tion studies are undertaken in subjects with 
hypoproteinemia of undetermined origin. 


SUMMARY 


The fecal excretion of 131] was determined 
over a period of 5 days following intra- 
venous injection of 13!J-albumin in 51 indi- 
viduals. 

In 15 control patients with normal serum 
proteins the average 1%1]-excretion was 0.14 
per cent of the injected dose. The range 
(mean + 3 SD) was 0—0.39 per cent. Ex- 
pressed as a fraction of the total amount of 
1317 excreted fecal 181I content was 0.63 per 
cent (range: O—1.81 per cent). 

In 28 patients with hypoalbuminemia and 
gastrointestinal disease the fecal 131]-excre- 
tion exceeded the normal range in all (12) 
patients whose albumin degradation rate was 
above normal (7. e. more than 14.4 per cent 
of the circulating albumin per 24 hours). In 
the remaining 16 patients, who displayed a 
normal degradation rate, fecal 131]-output 


was normal in 9, and abnormal high in 
A 131]-PVP test was abnormal in 4 of 1 
latter 7 subjects. ; 

In 8 hypoalbuminemic patients with 
gastrointestinal disease the fecal 1%1]-exe 
tion was normal in 7. A nephrotic had 
increased excretion. ; 

A comparison of 131J-excretion in 1 
stools following intravenous injection of 13 
PVP and 1%1]-albumin.in 16 hypoalbumi 
mic subjects generally showed good agr 
ment. Twelve patients (all with gastrointe 
inal disease) had an elevated and 2 a norr 
131]-excretion in both tests. In 2 patients ¢ 
test was normal and the other one sligh 
abnormal. The fecal 131J-content bore no 
lation to albumin degradation rate af 
131]-albumin, but — to some extent — af 
131J-PVP. , 

In conclusion, it appeared that a high fe 
131J-excretion after intravenous injection 
131]-albumin suggested an abnormal plas 
protein leakage in the gastrointestinal tr. 
Determination of fecal 131J-content sho 
be included in 131]-albumin degradation s 
dies of subjects with unexplained hy 
albuminemia. 
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In recent years radioactive isotopes have 
been extensively used in cardiovascular and 
pulmonary studies to determine for instance 
cardiac output, pulmonary blood volume or 
intracardiac shunts. 

The determination of the cardiac output by 
isotopic methods is based on the indicator 
dilution principle of Stewart and Hamilton. 
A small amount of a solution containing a 
known quantity of a suitable radioactive iso- 
tope is rapidly injected intravenously. The 
dilution of the tracer substance in the blood 
is measured through recording of the mo- 
mentary activity registered by a detec- 
tor placed over the heart, over the large 
arterial blood vessels, or over a catheter 
through which blood is drawn. The moment- 
ary radioactivity over the heart registered by 
a detector has earlier been recorded with a 
rate meter and recorder. The time constant 
of the rate meter has been chosen differently 
by different authors, the values reported 
varying between 0.5 (Lammerant 1957, Pie- 
tilla & Hakkila 1960) and 2.5 seconds (Huff, 
Feller, Judd & Borgardus 1955). As the rate 
of change of the radiation intensity in such 


measurements may amount to 50 per ¢ 
per second, or more, it is obvious that 
dilution process cannot be recorded correc 
by instruments having the time consta 
mentioned. However, the use of integrat 
circuits with-an essentially smaller time ¢ 
stant would result in records too rugged 
allow accurate calculations. An ideal reco 
ing method for the study of rapidly chang 
radiation intensities at a low level should 
volve actual counting of pulses dur 
suitable short intervals, under conditi 
where momentary response to inten 
changes from one counting interval to 
next one is ensured. Hence, the interfere 
between successive counting intervals, typ 
for the integrating circuits used in 1 
meters having long time constants, has te 
avoided. In cardiovascular studies suite 
counting intervals would be 0.5—1 secon 
It is to be noted that the problem cat 
be solved by the use of a counter with pri 
during the registration of the dilution ] 
cess as the operation time of any conceiv; 
printing device is so long that a consider; 
number of the pulses would be lost. 
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The best way of realizing an ideal count- 
xy system seems to be the storing of pulses 
ym the detector in a fast reacting memory 
stem where the distance in time between 
ecessive pulses is conserved. Using a non- 
structive read-out system of the memory 
a substantially reduced speed, it is poss- 
e to count the pulses within selected count- 
x intervals with high precision using ordi- 
ry counters. In the present study a record- 
x instrument! developed by Berne (Berne 
Jonsson 1959) was used. 


The pulses from a scintillation deletion. 


* recorded on magnetic tape, running at a 
sh speed and accepting a pulse rate up to 
out 10® per minute. In this instrument, the 
9€ was read out at a speed 16 times lower 
an during the recording. The read-out 
uld be repeated at will and the pulses were 
corded by a counter or by a rate meter. 
The purpose of this study was to compare 
ution curves obtained with ratemeters with 
ferent time constants, and to study the 
luence of the time constant on the calcu- 
ion of cardiac output from the dilution 
rves. Comparisons were also made with 
> dilution curves constructed from the 
iivity of arterial blood samples, collected 
intervals of 1 second. 


METHODS 
Dogs were anesthetized with sodium pentabar- 
ye, and polythene catheters with an internal 
meter of 1.6 mm were inserted into both femoral 
eries and into the inferior caval vein. One of the 
1oral catheters was led into a fraction collector, 
| the other was introduced through the lead shield 


| This instrument, the Memonucleograph, is 
duced by Nukleonikinstrument AB, Goteborg, 
eden. 
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of a scintillation detector, wound one turn around 
its 1x1 inch sodium iodide crystal and then con- 
nected to a motordrivem syringe. The pulses from 
this detector were recorded on the magnetic tape. 
1-20 uC of carrier free 11I as sodium iodide in 
1 to 2 ml of saline was injected rapidly into the 
inferior caval vein. Blood fractions were collected 
at a rate of one fraction per second. The activity of 
the blood samples from the fraction collector was 
measured in an ordinary scintillation well counter. 
The tape record was analysed in different ways — 
by a counter and by a rate meter using different 
time constants. 

The blood flow to the fraction collector was 
found to be about 70 ml per minute, the motor- 
driven syringe sucked blood at a rate of 75 ml per 
minute. During recording the tapé was run at a 
speed of 60 inches per second. During read-out of 
the tape with the rate meter the original speed was 
used, but when the record was analysed with 
counter, the speed of the tape was reduced to 3.75 
iniches per second. The counting intervals were 
12 sec. corresponding to 0.75 sec. in the original 
record. The rate meter time constants were 0.3 and 
1 second respectively. For the calibration of the 
scintillation detector, a suitable dilution of the in- 
jection solution was sucked through the catheter 
and the activity measured. 

The blood samples from the fattion collector 
were well shaken and 1 ml of whole blood counted 
in the scintillation well detector. These samples 
were counted to 1 per cent accuracy. The well 
detector was calibrated with a suitable dilution of 
the injection solution. 


CALCULATION AND RESULTS 


All recorded data were expressed in wC 
1317 per liter blood. Figs. 1 and 2 show the 
dilution curves of experiment I as recorded 
with counter and rate meter respectively, 
with the two different time constants. Fig. 3 
shows the corresponding dilution curve ob- 
tained with a counter together with the same 
curve as obtained from the blood samples 
collected by the fraction ollector. The cardiac 
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Fig. 1. Dilution curves reproduced from tape 
recorded by counter - - ------ , by rate meter with 


time constant 0.3 seconds 


output (F) was calculated according to the 
well-known equation. 


peli 
| c(t) dt 


0 


(1) 


where. Q = total amount of tracer injected, 


c(t) = concentration of 1311 in the blood 
without recirculation. For results obtained 
from fraction collection and from read-out of 
the tape record with a counter, the integral 
in the denominator was calculated in the 
following way: The concentration values 
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obtained were plotted against time in a sel 
logarithmic diagran, the “dilution constai 
(A) calculated from the linear part of t 
curve, and the instant of recirculation det 
mined as the point where the logaritht 
dependence of the concentration on ti 
ceased. The integral was then calcula 
according to the formula: 
oo r c 
IN ene F E 
Bee Cj Atit > 


where c; = mean concentration in the f1 
interval A t;, 
r = last counting interval before 
circulation, 
c, = concentration in interval r. 
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Fig. 2. Dilution curves reproduced from tap 
counter -------- , by rate meter with time 


stant 1 second —————_—_, | 


A METHOD FOR RECORDING RAPID CHANGES IN RADIATION INTENSITY 


479 


a ee eae 


inet Sais ain sale wel clatatsics mina wma Saree om 


seconds 


4 8 12 


ig. 3. Dilution curves: fraction collector ————, 
tape recorded read-out by counter - - - - - - : 


or the results obtained by the rate meter 
om the tape record the integral in the de- 
yminator of (1) was calculated in the 
‘dinary way through logarithmic extra- 
ation to zero concentration of the dilution 
irve from the instant of recirculation ob- 
ined from. the corresponding curve, fol- 
wed by measurement of the area enclosed 
y the curve. 

The cardiac output determinations in the 
vO experiments as obtained with the differ- 
it methods are shown in Table I. 


DISCUSSION 

The dilution curve as registered by frac- 
tional collection of blood samples is assumed 
to represent a correct reference. Good agree- 
ment was found between the curves obtained 
from counting of the blood samples iri the 
fraction collector and the curves obtained 
from interval counting of the tape record. 
However, the rate meter curves were more 
or less incorrect. It is evident from Figs. 1 
and 2 that, with a longer time constant, the 
maximum of the curve is reached later, the 
maximum value is lower, and the curve is 
more distorted the longer the time constant. 
It is also-evident that the effect. of the re- 
circulation on the dilution curve is more 
difficult to observe the longer the time con- 
stant. Besides the distortion of the dilution 
curve, which makes impossible a correct ana- 
lysis of the concentration as a function of 
time, a finite time constant tends to make the 
area under the dilution curve too small dur- 
ing the rise of the curve, 7. ¢. an error which 
makes the cardiac output figure too high is 
introduced in this part. During the fall of 
the curve, the area tends to become too large, 


Experi- 
ment 


Cardinac Output 


Table I. Cardiac output (liters per minute) as cal- 
culated from: A) Blood samples collected at inter- 


‘vals of 1 second, B) dilution curve recorded with 


a counter from tape record C) dilution curve recorded 
with a rate meter with time constant 0.3 second D) 
rate meter record with time constant 1 second. In 
experiment I 1 uC ™I was injected, in experiment 
II 20 uC #1. 
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thus introducing .an error, which makes the 
output value too low. With a given time con- 
‘stant, the positive and negative .errors may 
sometimes cancel. This is, however, quite 
fortuitous and depends on the chosen time 
constant and on the shape of the dilution 
curve, this shape depending on 1. a. the rate 
of injection, the cardiac output, and on the 
size of the mixing chamber. This is illu- 
strated by the results shown in Table I. In 
experiment I, where only 1.4C was injected 
the total number of counts in the recording 
with a counter were only 50, giving a 
statistical uncertainty of 14 per cent, the 
agreement between the results of the analysis 
of blood samples and the results obtained 
through read-out of the tape record with a 
counter is within the statistical counting 
accuracy. It is found, however, that the re- 
sults obtained after read-out with a rate 
meter give a correct value, in experiment I, 
at a time constant of 1 second while in ex- 
periment II a time constant of 0.3 seconds 
is needed to give a correct value. 

From the examples, it is evident that, in 
cardiac output determinations with external 
detectors, the use of a fast memorizing in- 
strument as in this study is necessary to 
obtain correct dilution curves. An other 
advantage of such a system is that the record 
can be reproduced at will and that it may be 
analysed at slow speed allowing a 16 fold 
stretching of the time axis. Repeated read- 
out with different counting intervals often 
enables a better analysis of the investigated 
courses. 


{ 
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In general, this type of recording withi 
inertia should be valuable in the study of 
phenomena where radiation intensities vi 
rapidly, especially at low intensities. ; 


SUMMARY 


A new method including the registrat 
of the pulses from a scintillation detector 
magnetic tape has been applied to 
recording of dilution curves in the bk 
after administration of radioactive iodide. 

The experiments indicate that the dist 
tion resulting when such dilution curves 
registered by rate meters is avoided, so f 
a correct reproduction of the radioactiy 
in the blood as a function of time is m 
possible. 

This type of recording should be of ve 
in all case where rapid changes in radiat 
intensities are studied. 
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In pulmonary insufficiency the increase of 
- arterial carbon dioxide tension, together 
th the decrease of the oxygen tension, is 
expression of the failure in alveolar 
seous exchange, while the increase of the 
arbonate concentration partly depends on 
> renal compensatory mechanisms, which 
event major pH changes. In gradually in- 
asing pulmonary insufficiency practically 
portional increases of carbon dioxide ten- 
n and bicarbonate concentrations may be 
ind, and thus, even in high degrees of pul- 
mary insufficiency the pH of plasma may 
normal or practically normal (Peters & 
in Slyke, 1932; Refsum, 1960). 
Since its introduction by Boutourlong- 
ung & Whittenberger (1951) artificial 
tilation is increasingly used in the treat- 
t of patients with chronic pulmonary in- 
ficiency. Blood gas indications for arti- 
al ventilation have been discussed, among 


(1960) and Semb, Erikson & Refsum 
61). As to the performance of the artifical 


ers, by Erikson & Refsum (1956), Ref-. 


ventilation the main interest has been con- 
centrated on the restoration toward normal 
of the carbon dioxide tension and the oxy- 
gen tension, while little attention has been 
given to the normalization of the bicarbonate 
concentration. 

The purpose of this paper is to present 
three case reports, which demonstrate how 
the normalization of the plasma bicarbonate 
concentration can be delayed in relation to 
the normalization of the carbon dioxide ten- 
sion, and to discuss some explanations and 
consider therapeutic consequences. 


METHODS 


Usually the blood samples were collected at eight 
o'clock in the morning, before the patients received 
any food. The sampling of the arterial blood and 
the determinations of the arterial blood gas values 
were performed as described previously (Refsum, 
1960). The samples taken during artificial ventila- 
tion were taken through the shutters of the tank 
respirator, without interfering with frequency and 
pressures. 
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Table I. Blood gas and electrolyte observations in case I (G. B. 53 years ). For exple 
tion, see text. (S': Spontaneous ventilation. R: Continuous artificial ventilation. A: Art 
sample. V: Venous sample. ) 


HbO,, % 71.0 


TCO,, mEq/l 37.0 |30.5 | 41.0 
pCO,.,mm Hg_ | 67 92 
pH 7.34 7.25 
Kt, mEq/l 4.3 4.9 

Cl-, mEq/l 94 

Remark 


1) Oxygen through nasal catheter. 


In case 3 the urine was collected through an 
indwelling catheter, and stored in stoppered bottles, 
with some toluene to prevent bacterial growth. 

The concentrations of sodium and potassium in 
serum and urine were determined with an EEL 
flame photometer, and the total nitrogen excretion 
in the urine was determined by micro-Kjeldahl 
(Peters & Van Slyke, 1932). These analyses were 
performed at the Central Laboratory, Ulleval Hos- 
pital, and the results were kindly placed at the 
author’s disposal. 

The concentrations of chloride in serum and 
urine were determined according to Schales & 
Schales (1941). The pH of urine was usually 
determined by means of indicator paper, but fre- 
quently checked by means of a Doran Precision 
Universal pH-Meter. 

Usually the artificial ventilation was interrupted, 
and the patient allowed to sit up for meals for half 
an hour three to four times daily. 

' Abbreviations: Hemoglobin oxygen saturation: 
HbOzg; carbon dioxide content of plasma TCOo; 
carbon dioxide tension: pCOs. 


CASE REPORTS 
Case 1 (G. B.) was a 53-year-old woman. In 
1951 she had a 6-rib thoracoplasty, for pulmonary 
tuberculosis with empyema. Later her cardio- 


[sa/sv{[sa/sv[Ra[RA|RV[RA[RV|RA|RA|S 


pulmonary function, as judged by the carbo 
oxide recovery time (Erikson, 1952), has 
reduced practically to the minimum compe 
with life. Thus, in connection with an acute caf, 
al infection in the autumn 1957 she developed s 
pulmonary insufficiency with carbon dioxide | 
and had to be treated continuously, for weeks, 
tank respirator. Thereby the venous plasma ce 
dioxide content decreased from 43 to 28 mE« 
At the end of October 1959 she was agait 
mitted to Department III, Ulleval Hospital, 
pulmonary insufficiency. Table I shows some | 
gas observations made during the treatment. 
Just after admission there was a marked 
oxemia and hypercapnia, but a moderate pH @ 
tion (1). During treatment in a tank respira' 
gradual improvement took place (2). The p: 
however, got broncho-pneumonia; in the cout 
this she was confused and restless and sh 
severe hypoxemia, hypercapnia and acidosis: 
but by means of continuous artificial ventilati 
was again possible to reduce the venous pl 
carbon dioxide content to practically normal y 
(4). 
But the pulmoriary insufficiency increased ¢ 
For some days it was impossible to ventilat 
adequately. Only after adjusting the pressut 
the tank to —28 and +6 cm HeO and the freq 
to 28, was the cyanosis relieved and improv 
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srved clinically. But as the venous plasma car- 
dioxide content remained high (40 mEq/1), 


arterial sample was taken. This showed normal 


on dioxide tension and a slightly subnormal 
ioglobin oxygen saturation; the plasma carbon 
cide content and pH, however, were markedly 
eased (5). After artificial ventilation at the 
ie frequency and pressures for an additional ten 
rs, the carbon dioxide tension was even lower, 
the hemoglobin oxygen saturation higher; the 
ma carbon dioxide content, however, was un- 
red, and the pH definitely higher (6). There 
| a definite hypokalemia and hypochloremia ; the 
4 and creatinine concentrations of the plasma 
e 120 and 2.0 mg per cent respectively, and the 
1e was acid. 

The patient was treated with increased admin- 
ation of water and electrolytes. — Already after 
ay the plasma concentrations of urea and crea- 
ne were practically normalized, and thereafter, 
ing the following weeks, with a daily diuresis of 
—1500 ml, they remained below 40 and 1.0 mg 
cent respectively. But in spite of an additional 
linistratiom of 30—40 mEq potassium chloride 
day in six days (together with sodium chloride), 
potassium concentration of the serum remained 
(7,8). — The respirator pressures were reduced 
wder to increase the carbon dioxide tension, and 
reby reduce the alkalosis. 


An arterial sample taken six days after the de- 
tection of the alkalosis showed that the reduction 
of the respirator pressures and the subsequent in- 
crease of the carbon dioxide tension had led to 
the intended effect on the pH, which was markedly 
reduced, but still elevated, and to a further increase 
of the plasma carbon dioxide content. 

Maintaining the same respirator adjustment, and 
with further increased administration of potassium 
chloride, now avoiding sodium chloride, the serum 
potassium concentratiom increased and the plasma 
carbon dioxide content decreased synchronously 
(9); and now, by increasing the respirator press- 
ures the alveolar gaseous exchange could be im- 


_ proved without alkalosis (10, 11). — The plasma 


chloride concentration varied inversely with the 
bicarbonate concentration. 

The patient was discharged from the~hospital 
with a slight hypercapnia and hypoxemia (12), — 
nearly four months after admission. 

Case 2. (1. K.) was a 60-year-old woman. In 
1934 she had a 6-rib thoracoplasty for pulmonary 
tuberculosis. Early in January 1960 she was ad- 
mitted to Department III, Uleval Hospital, with 
an abscess in the scar from the thoracoplasty, and 


pulmonary insufficiency. — Table II shows some 
cbservations made during the treatment of the 
patient. 


In the course of two weeks the patient got in- 


ible II. Blood gas and electrolyte observations in case 2 (I. K. 60 years). For explana- 
n, see text. (S: Spontaneous ventilation. R: Artficial ventilation. A: Arterial sample. V: 


Venous-sampte. ) 


17/1 
(3) 


11/1 


22/1 
(8) 


20/1 | 21/1 


(7) 
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creasingly cyanotic, and the venous plasma carbon 
dioxide content increased gradually (1, 2, 3). When 
the plasma carbon dioxide content had risen to 43 
mEq/1 (3); the patient was confused and restless, 
and she was placed in a tank respirator. — Approx- 
imately twelve hours later an arterial sample 
showed an almost normal carbon dioxide tension 
and a moderately reduced hemoglobin oxygen 
saturation; the plasma carbon dioxide content, 
however, was still markedly elevated, and cor- 
respondingly the pH was high (4). The serum 
potassium concentration was slightly reduced, and 
the urine was acid. The following day, after further 
increase of the respirator pressures, the carbon 
dioxide tension was normal and the hemoglobin 
oxygen saturation was increased. The plasma car- 
bon dioxide content, however, was only slightly 
reduced, and the pH was further increased. ‘The 
serum potassium concentration was lower (5). — 
As the plasma carbon dioxide content was un 
altered the next day also (6), the patient on this 
and the following day was given approximately 40 
mEq potassium chloride, whereof 25 mEq intra- 
venously, per day. Maintaining the same respirator 
adjustment the serum concentration of potassium 
and the plasma carbon dioxide content were nor- 
malized (8, 9), and after six days of respirator 
treatment, the values for carbon dioxide and pH 
were quite normal (9). The patient left the hos- 
pital with normal carbon dioxide tension, and a 
slightly reduced hemoglobin oxygen saturation (10). 

The plasma concentrations of urea and creatinine 
remained below 30 and 0.9 mg per cent respectively 
the whole time. 


Case 3. (O. ©.) was a 59-year-old man. From 
1945 he suffered from frequent attacks of bronchitis, 
and in the course of 1959 he had broncho-pneumonia 
three times. At the end of February 1960 he was 
admitted to Ullleval Hospital for right heart failure. 
The electrocardiogram showed right bundle branch 
block, and the chest X-ray demonstrated several 
cavities and widespread infiltrations with shrink- 
age of the right superior lobe. 


One week after admission the temperature rose , 


to 39.5° C, the patient was increasingly dyspnoeic, 
and in the course of a few hours he went comatous 
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s 
with subsequent respiratory and catdiac™ ai 
After immediate intubation, bronchial suction | 
manual ventilation with oxygen, the heart act 
started again. The patient was placed in a t 
respirator with oxygen administration throug] 
nasal catheter, and regained consciousness a 
ventilation for two hours. Fig. 1 shows some 
servations during the treatment. 


The first blood gas determination, performed 
before the respiratory arrest, demonstrated n 
kedly increased carbon dioxide tension and red 
pH, moderately increased plasma carbon dio; 
content, and severely reduced hemoglobin oxy 
saturation. The next sample, taken approxima 
three hours after the start of the respirator tr 
ment and shortly after the patient had regai 
consciousness, showed moderately increased cal 
dioxide values, normal pH and ‘almost nor 
hemoglobin oxygen saturation. Maintaining 
respirator adjustment (frequency 24, pressures - 
and + 6 cm HgQ) and the oxygen, administrat 
the blood gas values remained fairly constant 5 
ing the next days. Then, since ample pus produc 
necessitated frequent bronchial suctions, the pat 
was tracheotomized and taken out of the respir 
In the following days, while the patient was 1 
in bed with intermittent oxygen administration, 
carbon dioxide values increased gradually. W 
the carbon dioxide tension had risen to 62 mm 
and the plasma carbon dioxide content to 
mEq/l, continuous artificial ventilation in a 
respirator was again instituted. . 


After artificial ventilation for approxim 
sixteen hours the carbon dioxide tension wa‘ 
duced to the upper limit of the normal range; 
using approximately the same respirator adjust 
(frequency 22, pressures —24 and +4 cm H 
it was possible to maintain this carbon dic 
tension and hemoglobin oxygen saturation dt 
the further course of the treatment. — The ph 
carbon dioxide content of the samples taken oi 
first and second day after the start of the res 
tor treatment, however, were almost unaltered 
correspondingly the pH markedly increased. A 
same time the serum potassium concentration 
reduced; the urine was maximally acid, as b 
the start of the artificial ventilation. The p: 
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is then given approximately 70—80 mEq potas- 
im chloride, whereof 50 mEq intravenously, per 
y im four days. With marked positive potassium 
lance a simultaneous decrease of the plasma 
rbon dioxide content and pH, and increase of 
= serum ‘potassium concentration and pH of the 
ine took place. 

After the cessation of dea asian administration, 
ven the serum potassium concentration was 
rmalized, the urinary sodium excretion (which 
d been low) increased markedly, without in- 
eased sodium iadtministration, and the pH of the 
ine increased further; ‘the serum sodium con- 
ntration decreased from 140 to 136: mEq/l. — In 
e following weeks, with practically the same in- 


ke of food, the potassium excretion im urine av-. 


aged approximately 50° mEq ‘per day, and the 
dium/potassium' ratio'!in ithe urine was higher 
an 2, with few exceptions. 

The total nitrogen output in the urine per day 
as essentially constant before, during and after 
e period with respirator treatment, alkalosis and 
[ministration of potassium chloride, approximately 
J—10.0 g per day. 

Except for the first sample after the respiratory. 
rest, when the plasma creatinine concentration 
as 1.7 mg per cent, all creatinine values were 
low 0.9 mg per cent, and the plasma urea con- 
ntration remained below 40mg per cent. With 
| average water intake of 2500 ml per day the 
ily urine output varied between 400 and 1200 ml, 
ith the lowest values during the alkalosis. The 
ecific gravity of the daily” urine was above Mme 
e entire time. vt 


The three cases described had severe pul- 
ionary disease with a high plasma carbon 
ioxide content. During continuous artificial 
sntilation the carbon dioxide tension rapidly 
screased to normal, or, practically normal 
ilues, but the plasma carbon dioxide con- 
mt remained high; the patients thus de- 
onstrated, in varying degree, blood gas and 
ectrolyte values as in hypokalemic alkalosis 
ith paradoxical aciduria.. During continued 


~ pCOz 60 
mm Hg 


K+, 50 
mEq/l 


_ Urine, 160 
K+ & Nat, 
mEq 80 


Days 
Fig. 1. Arterial blood gas and electrolyte observa- 
tions in case 3 (O. ©. 59 years). R: Continuous ar- 
tificial ventilation with additional oxygen through 
nasal catheter. T: Spontaneous ventilation with 
additional oxygen through tracheostoma. T + R: 
Continuous artificial ventilation with additional ox- 
ygen through tracheostoma. The additional oxygen 
administration, 21 per minute, was continuous during 
R and T + R, intermittent during T. In the graph 
the white bars represent the sodium excretion. and 
the black the potassium excretion. The four cross- 
hatched bars represent the potassium administration 
on these particular days. 
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artificial ventilation and administration of 
potassium chloride the serum potassium, 
plasma carbon dioxide content and pH nor- 
malized simultaneously. 


DISCUSSION 


When calculating the plasma bicarbonate 
concentration and assuming average buffer 
capacities for the actual blood samples (Hen- 
derson, 1928; Davenport, 1950) it appears 
for all three patients that the base excess 
remained practically constant from the last 
sample before the respirator treatment was 
started until administration of potassium 
chloride led to increasing serum potassium 
values. .This together with the marked in- 
crease in the sodium excretion and the pH in 
the urine, subsequent to the normalization of 
the serum potassium in case 3, indicates that 
the maintenance of the hypokalemic alkalosis 
with paradoxical aciduria may be explained 
partly in accordance with present theories for 
this syndrome; 7.e. that a low potassium 
concentration in the tubular cells leads to in- 
creased reabsorption of sodium and bicar- 
bonate to the blood, and to increased excre- 
tion of hydrogen ions in the urine (Berliner, 
Kennedy & Orloff,-1951; Roberts, Randall, 
Sanders & Hood, 1955; Roberts, Randall, 
Vanamee & Poppel, 1956; Moore, 1959). 

Usually the syndrome of hypokalemic 
alkalosis with paradoxical aciduria results 
from extraordinary loss of hydrochloric acid 
and potassium in excess of nitrogen, as for 
instance due to vomiting (Gamble & Ross, 
1924—25; Hartman & Smythe, 1926; Van 
Slyke & Evans, 1947), or it may be contri- 
buted to by aldosterone after surgery or other 


J 
severe stress (Llaurado, 1955; Bartter, 195 
Moore, 1959). — In the present cases it h 
appeared in connection with relatively acu 
reduction of the arterial carbon dioxide te 
sion in patients with compensated respirato 
acidosis, and therefore it seemes reasonal 
to interpret the syndrome as an expressit 
of a delayed normalization of the renal cor 
pensatory mechanisms, originally induced | 
the increased plasma carbon dioxide tensi 
(Relman, Etsen & Schwartz, 1953; Sulliv 
& Dorman, 1955). Assuming that potassit 
is of major importance for the maintenan 
of the high plasma bicarbonate concentrati 
in these cases, the question arises whether t 
syndrome is due to a previously develop 
potassium deficiency, or to a hypokalen 
which is secondary to the extracellular all 
losis, and induced by the acute reduction 
the carbon dioxide tension (Scribner & Bi 
nell 1956): 


During the development of the respirate 
insufficiency, prior to the respirator tre 
ment and the alkalosis, case 1 lost water a 
food through a broncho-oesophageal fistv 
In case 2 there were no signs of deficit 
intake or abnormal loss of electrolytes duri 
the development of the respiratory insuffi 
ency. Case 3 had transient gastric dilatati 
with vomiting and diarrhea on the sec 


-day of the first period of ‘respirator tre 


ment, 4. e. eight days before the appearai 
of the alkalosis and the hypokalemia; tl 
however, had no immediate effect on — 
plasma concentrations of potassium < 
chlorides. During the last week before — 
alkalosis there were no clinical signs 
deficient intake or abnormal loss of elect 
lytes; the potassium and total nitrogen 
cretion in urine for the time the patient 1 
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eated outside the respirator and the weeks 
ter the establishment of normal acid-base 
ate were essentially of the same magnitude. 
ince the food intake was rather constant, it 
ypears that no important loss of potassium 
| excess of nitrogen in the urine can have 
ken place just before the appearance of the 
ypokalemia and the alkalosis. 

Thus, it seems that a potassium depletion 
ight have taken place during the develop- 
ent of the respiratory insufficiency in case 
but probably not in cases 2 and 3. — When 


recting the serum potassium concentra-. 


ons during the alkalosis for the effect of the 
asma pH (Scribner & Burnell, 1956; 
aton, 1960), the values in cases 2 and 3 are 
ithin the normal range. 

Consequently, it seems, at least for cases 
and 3, that the delay of the normalization 
' the base excess might have been due to a 
ypokalemia induced by the acute reduction 
| the carbon dioxide tension and the sub- 
quent increase in the extracellular pH. 

If so, it might seem reasonable, in similar 
ses, to administer acidifying solutes, e. g. 
mmonia chloride, in order to obtain a re- 
istribution of the body potassium (Scrib- 
er, Fremont-Smith & Burnell, 1955). The 
ct, however, that the normalization of the 
use excess in case 3 took place during a 


arked-positivé’ potassium balance, indicates » 


iat the potassium administration not only 
id a direct effect on the tubular sodium and 
carbonate reabsorption and the hydrogen 
m excretion, but also covered an intracellu- 
r deficiency. 

Whatever the explanation might be, the 
sported data seem to indicate that potas- 
um administration is of benefit in the treat- 
ent of hypokalemic alkalosis with para- 


doxical acidura, appearing during artificial 
ventilation of patients with pulmonary in- 
sufficiency and high plasma bicarbonate con- 
centration. 


SUMMARY 

Three cases with advanced pulmonary 
disease and markedly elevated plasma carbon 
dioxide content were treated with continuous 
artificial ventilation. After the start of arti- 
ficial ventilation the arterial carbon dioxide 
tensions were soon reduced to normal or 
practically normal values, but the plasma car- 
bon dioxide contents remained high; and the 
patients demonstrated in varying degree 
blood gas and electrolyte values as in hypo- 
kalemic alkalosis with paradoxical aciduria. 
Only after administration of potassium chlo- 
ride (during maintained artificial ventila- 
tion) did a simultaneous normalization of 
the serum potassium, plasma carbon dioxide 
content and pH take place. 

The data obtained seem to indicate that 
administration of potassium is of benefit in 
the treatment of hypokalemic alkalosis with 
paradoxical aciduria, appearing during arti- 
ficial ventilation of patients with pulmonary 
insufficiency and high plasma carbon dioxide 
content, — partly to influence the renal re- 
absorption of bicarbonate and sodium and 
excretion of hydrogen ions, partly to cover a 
deficiency in the body. 
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To estimate the splanchnic blood flow 
ESBF) by the bromsulphalein (BSP) 
nethod, two values must be determined: 


1. The difference between the arterial and 
he hepatic venous plasma concentration of 
3SP. oF 3 

2. The rate at which) the liver removes 
3SP from the blood. | 
While the plasma concentration !can be 
neasured directly, the rate of removal can 
mly be determined indirectly by assuming 
hat it equals the rate at which BSP is in- 
used. This assumption is valid only when 
he plasma concentration is constant, but 
minor deviations are of little importance 
ince appropriate corrections can be made 
Bradley, Ingelfinger, Bradley & Curry 
945). Such corrections are believed to be 
ess effective in the face of major fluctuations 
uf the BSP concentration as sometimes en- 
ountered when the splanchnic blood flow 

ad ae 

1 The work described in this paper was aided by 
rants from the Swedish National Association 


gainst Tuberculosis and from the Swedish Insti- 
ute for Investigations on Malt Beverages. 


undergoes rapid changes. The question has 
thus arisen whether the BSP method can be 
applied under these circumstances. 

The present investigation is a study of 
this problem. ESBF was estimated in the 
normal resting man at constant and at vary- 
ing BSP plasma concentrations in the same 
experiment. Consequently, the effect of 
variations in plasma BSP concentration on 
flow determinations could be estimated, sup- 
posing that the flow was approximately 
constant during the experiment. However, as 
the experiments lasted for about one hour, 
fluctuations in flow values could partly be 
due to real changes in flow. In order to 
estimate the importance of the time factor, 
a separate study was undertaken in which 
ESBF was repeatedly determined at a con- 
stant dye level during two hours. 


MATERIAL 


Fourteen studies were carried out on twelve 
healthy, non-hospitalized volunteers without evi- 
dence of hepatic disease. Most of them were blood 
donors. Pertinent data are given in Table I. All 
had hemoglobin’ concentrations within the normal 
range except case No 50, who, was anemic. Le 
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Table I. Sex, age and BSA data in the 
material. 


44 M 32 1.77 
46 F 42 1.62 
47 F 36 1.63 
51 M 40 1.94 
42/48 F 30 1.71 
45/40 M 36 1.89 
43/35 M 39 2.07 
79 M 28 2.07 
81 F 21 

39 M 25 1.94 
40/45 M 36 1.89 
48/42 F 30 1.71 
50 M 40 2.00 
80 M 29 2.04 

METHODS 


All experiments were performed in the morning. 
The subjects, who had fasted since the previous 
day, were recumbent. Sodium amytal, 0.1 g, was 
given orally one hour before the start of the 
experiment. The BSP-solution was injected through 
a polythene catheter, which was inserted about 10 
cm into one of’ the antecubital veins. Peripheral 
blood samples were obtained from an indwelling 
arterial needle or a short polythene catheter placed 
in one of the brachial arteries. 


I. Determination of the BSP space. 


A single intravenous injection of 100 mg was 
given at the beginning of the experiment. Arterial 
samples were obtained after 3, 5, 7 and 9 minutes. 
The concentration of dye was measured and plotted 
against time on a semilogarithmic scale. A straight 
line could always be drawn through these points, 
thus allowing extrapolation to zero time. 

The BSP space was calculated according to the 
following formula : 

BSP space, ml = 
_injected amount BSP, mg x 100 


zero time BSP concentration, mg/100 ml plasma 
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II. Determination of the splanchnic blood flow. 

The method was essentially as described b 
Bradley et al. (1945). The modifications used hay 
been described in detail elsewhere (Castenfor, 
Eliasch & Hultman 1960). 

The right hepatic vein was catheterized using 
catheter as described by Gidlwnd (1956) and mod 
fied by Gdman (1958). The catheter was introduce 
percutaneously into the femoral vein and, unde 
fluoroscopic control, passed into the right hepat 
vein. 


A. Experiments with essentially constant peripher 
concentration of dye. Fig. 1. 


In four subjects the splanchnic blood flow we 
determined repeatedly during two hours. After a 
intravenous priming dose of 100 mg BSP #4 
sustaining infusion of BSP was administered wit 
a syringe driven by a motor at a constant rate, § 


se onl 
25.0- 2000 


Subject 44 
ea ee 


Subject 46 


— 
o—____—_e 


0 10 20 30 40 50 60 70 80 90 100 110 120 he 
thy" 


* A-Hv 02 diff.,mli/L — ESBF, ml/min 


Fig. 1. Experiments with essentially constant perit 
eral concentration of BSP. 4 experiments. 
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hat approximately 2 ml of fluid were injected per 
ninute. The bottle containing the infusion solution 
vas placed om an automatic balance, which allowed 
ontinous control of the amount of fluid infused. 
\pproximately 3 mg BSP per minute per square 
neter body surface area were given. After 20—30 
ninutes of infusion an equilibrium was obtained be- 
ween the amounts of dye infused and dye removed, 
ind sampling was commenced. Three sets of simul- 
aneous blood samples from the hepatic vein and 
he brachial artery were drawn at 5-minute inter- 
rals every 30—45 minutes’ period. 


3. Experiments with continous changes in pert- 
pbheral concentration of dye. 


The infusion rate of BSP was changed twice in 
ach experiment for a total period of 45 to 60 
ninutes. Initially, a priming dose of BPS was 
rive) and the infusion was started as described 
ibove. The first samples were drawn 20—30 mi- 
utes later. Immediately thereafter, the infusion 


ate was either increased (5 experiments) or de- - 


teased (5 experiments) and subsequently kept 
onstant for another period of 20—30 minutes. 
Then, the infusion rate was changed in the opposite 


Arterial BSP conc. 
mg % Subject no. 43 


eae 


0 

0 0 =o 30 20 50 minus 
‘ig. 2. Experiments with continuous change in the 
eripheral concentration of BSP; the rise in con- 
entration was induced before the fall. 1 experiment. 
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Fig. 3. Experiments with continous change im the 
peripheral concentration of BSP; the rise im con- 
centration was induced after the fall. 1 experiment. 


direction to approximately the initial level and 
another 20—30 minutes’ period of infusion followed. 
The volumes infused varied between one and four 
ml per minute. Simultaneous blood samples from 
the hepatic vein and the brachial artery were 
drawn throughout the study at approximately 5- 
minute intervals. The plasma dye concentration 
patterns thus obtained are illustrated in Figs. 2 
and 3. 

For technical reasons the infusion of dye was 
discontinued for one minute before each change in 
rate. Therefore, there are two short gaps in the 
estimation of the splanchnic blood flow in each 
experiment. 


METODS OF ANALYSIS 


Physiological saline was infused at a slow rate 
into the catheter in the hepatic vein throughout the 
experiment. At sampling time the saline solution in 
the vein catheter was washed out by withdrawing 
4 ml of blood which was discarded. Thereafter, 
samples were taken im heparinized tubes for ana- 
lysis. The BSP determinations were made in 
duplicate according to the second method of Gaebler 
(1945) using the Beckman DU spectrophotometer. 
The hematocrit was determined by spinning in the 
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BSP ' ; ESBF 
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Case | BSP Time os c : = ee Eye 2 = 
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Wifug hematocrit centrifuge at a rate of 3000 Removal 
r.p.m. for 30 minutes. The oxygen content of the 

blood was analyzed by the manometric method of I 

van Slyke & Neill (1924). The estimated splanch- p 

nic blood flow (ESBF) and BSP extraction ratio 

were calculated using the following formulae: 


Removal x 100 x 100 
ESB nl /ini1.. ——————— 
io (phy G00 = Het) AP 


Ap x 0.8 x BSP space Het 
Reno)! = 


splanchnic removal of dye, 
mg/min - 

infusion rate, mg/min 

arterial = peripheral plasma 
concentration, mg/100 ml plas- 
ma 

hepatic vein plasma concen- 
tration, mg/100 ml plasma 
change in p in mg/100 ml 
plasma/min 

hematocrit, per cent 


pe  antghred 


Table Il. Experiments with essentially constap 
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100 The factor 0.8 in the second formula has b 


(p — h) 100 
Extraction ratio == ——______ 


used for the following reason: The method is ba 
on the Fick principle. As the organ on which 


Pp principle is used is not only the liver but the wl 
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ripheral concentration of BSP. 4 experiments. . 
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anchnic area, corrections for changes in peri- 
eral BSP content must be calculated only on the 


SP space outside this area (extrasplanchnic 
ice). It is known from earlier work (Bradley, 
irks, Reynell & Meltzer 1953), that the splanch- 
plasma volume averages 0.2 x total plasma 
ume. Hence, 0.8 x BSP space must be used in 
- calculations. 


RESULTS 
Experiments with essentially constant 
peripheral concentration of BSP (Table 
HI, and Fig. 1). 
In three experiments (Nos. 44, 46 and 
) the BSP plasma concentration was al- 
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38.7 
36 | 40.4 
39 | 38.2 

43.1 


most constant during the two hour period. 
In the fourth (No. 51) there was a slight 
progressive rise in the BSP plasma concen- 
tration and the extraction ratio of BSP fell. 

On an average the ESBF fell slightly to- 
wards the end of the experiments, but the 
estimated splanchnic oxygen consumption 
(product of ESBF and A-HvOg, difference) 
was constant. 


B. Experiments with: continous change im 
the peripheral concentration of BSP 
(Tables III and IV ; Figs. 2 and 3). 

The blood flow was measured over a peri- 
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Table III. Experiments with continuous change im the peripheral concentratt 
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BSP ESBF 
F eG ee 3 
S jen as € oa oF 
BSP fe) J Smo] = # (@ 
ee space a iM § a og 8| << 5 a 
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oe | ial 3-8 = lee 3 a : bo 3 | a 
og S Sco | & Dro go. Bo o : 
eelda| o= |ecl# || = lgeg) 2 | a |e 
one Jf |mel|ase|de| 2 asa) 6 | mle 
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17.0 | 8.35 | 1.05 0.24| 77 | 081 
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27.0 126 | + 9-012 | 946} 63 | oso | 1280 | 1560 ;—1 
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38.0 | 5.59 | 1.11 0.47 | 58 | 0.64 
44.0 067. | me O42 adOW anes Cline st tee 2 
ae 0.57 |—0.002 | O44 | 24 | grey | 1600 | 1580 |— 120 
54.0 0.94 | 9-004 | o 391-59 | ce55 | 2? 
45/40 | 3660 | 0.0 | 5.28 9 
10.0 
165 | 15.15 |g 
Bie 1270 |—130 4 
33.5 
40.0 | 4.23 3 | 4 
46.0 1010 |— 390 43 
58.0 


od of 45 to 60 minutes. The infusion rates 
ranged between 3.1 and 25.0 mg BSP per 
minute. 

After the initial period of constant infusion 
the rate was changed. In five experiments 
(Table III) the infusion rate was first in- 
creased and thereafter decreased, resulting 
in a corresponding change in the peripheral 
BSP concentration (Fig. 2). In the remain- 
ing five (Table IV) the infusion rate was 
altered in the opposite direction (Fig. 3). In 
this latter group the initial plasma concen- 
tration of BSP was kept at a higher level. 

The peripheral BSP concentrations ranged 
between 0.8 and 7.6 mg BSP per 100 ml 


plasma; Ap varied between — 0.206 < 
+ 0.349 mg per cent per minute. 

Bight ESBF values were calculated 
each experiment. The two initial peri 
with essentially constant peripheral dye c 
centration were followed by three peri 
with falling and three periods with ris 
dye concentration. 

The means of the flow values at const 
falling and rising concentrations respectiy 
were calculated for the two types of exp 
ments; that is, those in which the rise 
concentration was induced before (Tz 
III) and those in which it was induced a: 
(Table IV) the fall in concentration. 
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f BSP, the rise in concentration was induced before the fall: 5 experiments. 


BSP ESBF 
a Pr 
3 ; < g 
: g & a8 .| ee | 
Case a Time se ee . 3 s 2» ed Bee 
Se mins | | ee oe) Ne: me ee ee 
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ie aio ee o V9 ae a,°> pay toN € Gig S € reed 
Saem ts 20 Swi hw bet wo] a (eae a eS 
feel <8 <¢g TE] msidg EF lace S) Se lh certs 
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27.0 4.24 | + 0-130 | 4'56 
32.0 4.75 | + 9-102 | 493 
38. : ; 
430 | (945 | 008 | ree 
48.0 3.33 |= Bee 1.82 
53.0 3.14 | 1.71 


whether the fall in concentration was in the 


1ean flow at constant concentration 
ubtracted from the means at rising 


was 
and 
ling concentrations, respectively. The 
1eans of the obtained differences are listed 


earlier or the later part of the experiment. 
This was significant (0.01 > P > 0.001) in 
the Table IV type of experiment and not sig- 


mlable V. 
The calculated mean flow at a falling con- 
sntration of BSP was lower irrespective of 


nificant (0.1 > P>0.05) in the Table III 
type of experiment. 
No correlation was found between the 


10 
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Table 1V. Experiments with continuous change in the peripheral concentratic 


(3) 

8 

Case | BSP Time ie 
space 3 S| 

No. ml min z g 2 
55 6, 

ee: ~ 

as an 


40/45 | 2660 


48/42 | 2660 


TSO 7.92) 


30.0 | 16.76 


magnitude of A p and the order of apparent 
change in blood flow. Furthermore, there 
was no relationship between the order of 
initial flow values and the apparent change 
in flow. 


In eight of the ten experiments the arterio- 
hepatic venous oxygen difference was deter- 


mg % 


ao. 
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mined four times in each. The oxygen di 
ference varied only slightly in the majori 
of the experiments and there was no dire 
tional change with time. 


DISCUSSION 
In a previous investigation (Castenfors 
al. 1960) it was found that variations in t 
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BSP ; the rise in concentration was induced after the fallt. 5 experiments. 


stant, falling and 


rising conc. 


conc. mg % 
Hep. vein conc. 
Extraction % 
Art.-Hep. diff. 
Change ml/min 
Hematocrit % 
Art.-Hep. O, diff. 
ml/L 


Mean at con- 


Arterial 


1050 31 

aD, 1110 | 1080 | 

13.0 
850 32 

oe 960 | 910 I~ 170 91.2 

22.0 : 

27.0 10 

es 1040 sie eee 

1030 |— 50 


Table V. The deviation in calculated splanchnic blood flow during variation of 
the peripheral plasma concentration of BSP. 


Mean flow at Mean flow at rising 


Mean flow at falling 
Plasma 
A constant conc. — meen flow conc. — mean flow 
concentration < 
concentration at constant conc. at constant conc. 


—164-£71 ml/min (—12.9%) 
119419 ml/min (— 9.4%) 


Rise preceding fall 1268 ml/min 


—46 ml/min (—3.6%) 
Fall preceding rise 1266 ml/min 


+32 ml/min (+2.5%) 


89.5 


1.91 

1.73 tee 1450 41 | 46.8 
1.91 

1.45 

1.20 A 1310 |—140| 41 | 56.1 
1.02 

oo 1280 44 | 51-6 
24 | 1379 | 1350 |— 100 

Di hee 52.4 
2.15 | 


1 Case No. 50: Remarkably high A-HvOs difference and also the lowest oxygen content of the 


rial blood (oxygen capacity 139 ml/L). 


ma concentration of BSP ranging be- concentration was kept constant during each 


en 0.5 and 10 mg per 100 ml plasma had __ separate period of estimation. , 
influence on the result of determination of In clinical and physiological studies 


in 


splanchnic blood flow, provided that the man, marked continous variations in peri- 
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pheral BSP concentration sometimes occur 
when the splanchnic blood flow varies. This 
is mainly due to changes in the hepatic 
clearance of dye. Therefore, it was also con- 
sidered important to study the validity of 
the method when the peripheral BSP con- 
centration was subject to continous change. 
In order to correct for the changes in the 
peripheral plasma dye content, the change in 
peripheral dye content per minute (A p x 0.8 
x BSP space) was either added to or sub- 
tracted from the amount of BSP infused per 
minute. 

While the determination of A p involves 
only colorimetric errors, the estimation of 
the BSP space may be subject to criticism. 
According to Ingelfinger, Bradley, Mendel- 
off & Kramer (1948) the BSP space is 
approximately equal to the plasma volume. 
The spaces of two similar dyes, indocyanine 
green (Cherrick, Stein, Leevy & Davidson 
1960) and Rose Bengal (Sapirstein & Simp- 
son 1955), have also been found to be equal 
to the plasma volume. However, most in- 
vestigators have employed Evans’ blue dye, 


BSP space, ml 
6000: 
ject 4 
5000 we. vase 
4000 5 Subject 2 
—_—__* : 
eg SBice _ 
3000 


a 
4——_________aSubject 3 


Oli 1D! 15, 9820, 525) 530) a5 dO 5 nso 


Injected dose BSP 
(mg per Kg body weight) 
Fig. 4. The BSP space determined in the same 
individual by giving different amounts of BSP as 
single intravenous injection. 4 subjects. 
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BSP space, mt 


y=1047+ 0.707 x , 
: r=070 s 


2000: 
2000 2500 3000 3500 4000 4500 5000 


Plasma volume, ml 
(calculated from the formula) 


Fig. 5. The relationship between the BSP space 
the plasma volume calculated according to | 
strand (1949). 


and more recently, [431 albumin to detern 
the plasma volume, when estimating — 
splanchnic or hepatic blood flow with 
BSP method. Others (Sapirstein et al. 19 
claim that the BSP space is larger than 
plasma volume. In this study the BSP 3 
was measured directly since the other pr 
dures were considered impracticable for t 
nical reasons. Furthermore, in this inve 
gation, it would be more correct to meas 
the volume of distribution of BSP ra 
than that of any other substance, even if 
errors inherent in the procedure of ex 
polation to zero time are greater using B 
which is more rapidly excreted than Ey 
blue dye and [131 albumin. In addition, 
validity of the present procedure is suppo 
by earlier findings, namely that the 
space is independent of the dose administ 
(Hultman & Castenfors 1957), as exe 
fied in Fig. 4. The calculated BSP 
correlated well to the plasma volume - 
dicted according to the formula of Sjos 


(1949) (Fig. 5). ] 


Since the aim of this investigation w 


| 


— 
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udy whether induced variations in the 
ripheral plasma concentration of BSP 
ould lead to calculated splanchnic blood 
w values outside the range of physiological 
riations in the resting individual, it was 
cessary to perform control studies in which 
constant dye level was obtained. Similar 
udies have been made by Sherlock, Bearn, 
ling & Paterson (1950), who determined 
e splanchnic blood flow for several hours 
a constant BSP concentration. No system- 
ic change in blood flow was observed when 


e dye level was kept above 1 mg BSP per 


10 ml plasma. In the present investigation, 
ing the same procedure, the calculated 
ood flow on an average decreased only 
ghtly towards the end of a two-hour 
riod. 

In the ten experiments in which large 
anges in the peripheral dye concentration 
sre induced, the calculated splanchnic 
ood flow values varied only slightly in most 
periments. Only in two did the calculated 
yw values deviate as much as 35 per cent 
9m the mean flow, estimated during the 
‘o first periods with constant peripheral 
e concentration. The flow calculated at 
creasing peripheral BSP concentration 
is slightly lower!) than the mean of the 
o first periods with constant peripheral 
ncentration, irrespective of whether the 
crease in concentration was induced dur- 
x the earlier or the later part of the study. 
wis, the lower flow values at decreasing 
e concentration cannot be explained by 
ontaneous changes in blood flow. There 
is a tendency towards a decrease in blood 


'' The subject with anemia did not differ from 
others. 


flow at the end of the period in three out of 
four experiments, in which ESBF was esti- 
mated with the conventional technique. How- 
ever, in these experiments blood flow was 
estimated for about two hours instead of 
45—70 minutes as in the experiments with 
induced variations in the peripheral BSP 
concentration. Hence, the lower flow values 
at decreasing concentraticn are likely to be 
due to systematic errors in methods. The 
explanation could be: 


1. that the BSP space is underestimated. 
Such an error should render lower flow 
values at decreasing concentration but also 
higher values at increasing concentration. 
However, flow values at rising concentration 
were not higher than those obtained at con- 
stant concentration and hence, an underesti- 
mation of the BSP space cannot explain the 
results. 


2. that extrahepatic uptake and release of 
BSP influenced the flow measurement. It 
has long been known that a small part of 
injected BSP is taken up by tissues other 
than the liver parenchyma (Brauer, Pessotti 
& Krebs 1955, Selkurt 1953 and 1954, and 
others). Extrahepatic uptake of BSP should 
theoretically depend on the concentration of 
dye in the blood. This means that at constant 
(Brauer et al. 1955) as well as at rising 
blood concentrations BSP is taken up by 
extrahepatic tissue, and that at falling dye 
concentrations BSP is released from extra- 
hepatic tissue. This should result in falsely 
high flow values at constant and rising dye 
concentration and in falsely low flow values 
at falling dye concentration. Thus, the exist- 
ence of a small extrahepatic uptake and re- 
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lease of BSP may explain the small differ- 
ences between flow values obtained at con- 
stant and falling dye concentration in the 
majority of the experiments. 

However, it was recently (Wheeler, Ep- 
stein, Robinson & Snell 1960) demonstrated 
by direct measurement in animal experi- 
ments that the extrahepatic uptake is small 
at normal hepatic function when the BSP 
plasma level is constant. These findings were 
in agreement with earlier studies in man 
(Castenfors et al. 1960). According to these 
findings, it is impossible to explain the great 
differences in flow values obtained in some 
of the present experiments. It is suggested 
that these discrepancies may be explained by 
individual differences in BSP storage and 
excretion capacity and by release of BSP 
from the liver at falling dye concentration. 
The BSP liver removal consists of two sepa- 
rate processes: one is storage of the dye by 
the liver cells and the other is excretion of 
the dye into the bile (Wirts & Cantarow 
1942, Brauer &! Pessotti 1950, Wheeler et 
al. 1960, Wheeler, Meltzer & Bradley 1960, 
Hultman et al. 1957, and others). There is 
strong evidence for the existence of a con- 
centration gradient between the liver cells 
and plasma (Wheeler, Meltzer & Bradley 
1960). Consequently BSP stored in the liver 
cells will rediffuse into the blood when the 


a 


dye concentration in blood decreases. T 
error in flow determination due to extr 
hepatic uptake and release of BSP is # 
same as the error in the calculated remov 


The relative magnitude of this error can 
expressed by the following quotients.* 
Hence, the error will increase when ft 
hepatic excretion of dye is small. The err 
at rising concentration may be equal to f 
error at constant concentration; the larg 
extrahepatic uptake at rising concentrati 
is balanced by the hepatic storage of dj 
The error at falling concentration can — 
expected to be more marked in cases whe 
the hepatic excretion of BSP into the b 
is small and the release of BSP from t 
liver cells is large. This could be suspect 
in experiments Nos. 43 and 45. _ 
Bradley (1956) states that the bas 
splanchnic blood flow should be determin 
at arterial plasma concentration where 2 
does not exceed a value of 0.005 mg per 1 
ml plasma per minute. According to the pi 
sent results there are small variations in ¢ 
culated flow values in spite of large 4 
(range — 0.206 + 0.349 mg per 100° 
plasma per minute). An exception is € 
countered when the plasma BSP conee 
tration is rapidly falling. In this case 4 
variation in flow values may reach 35 ] 
cent. It should be pointed out that the 


Se 


At constant concentration: + 


extrahepatic uptake 


hepatic excretion 


At rising concentration; ++ 


extrahepatic uptake 


hepatic excretion + hepatic storage 


At falling concentration: — 


extrahepatic release 


hepatic excretion — hepatic release 
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ced variations in dye concentration in the 
esent investigation were of a much higher 
der than those observed when the splanch- 
> blood flow increased markedly after 
ally administered glucose (Castenfors, 
iasch & Hultman 1960). 

In the present investigation only subjects 
th normal hepatic function were studied. 
1e systematic errors would probably be 
eater if the same study had been under- 
<en on patients with liver disease. This 
ast be the reason for dubious flow values 
metimes encountered in studies of the 
er blood flow in cases with hepatic cirrho- 


. 
ye 


SUMMARY 


1. The splanchnic blood flow was esti- 
ated with the bromsulphalein (BSP) 
ethod on healthy, non-hospitalized volun- 
ars. 


2. When BSP was infused at a constant 
te for a two hour period, the estimated 
lanchnic blood flow decreased with time in 
ree out of four experiments. 


3. When BSP was infused at varying 
tes in the same experiment, resulting in 
ntinous increase or decrease in the BSP 
asma concentration, the calculated splanch- 
> blood flow was found to be lower at a 
ling plasma concentration of BSP as com- 
red to values obtained at constant plasma 
neentration of BSP. 


4 It is suggested that the lower values in 
culated splanchnic blood flow obtained at 
falling BSP concentration are due to a 
lease of extrahepatically stored BSP into 
e plasma compartment. 
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Grom the Central Laboratory and the 2nd Medical Service, S:t Eriks Hospital, Stockholm, Sweden. 
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By use of modern vein catheterization 
chnique the hepatic circulation and meta- 
lism have recently been extensively exam- 
ed and results have been reported by sev- 
al investigators. Nevertheless our know- 
dge of the influence of glucose on these 
nctions is limited. As glucose is central in 
yer physiology and has a vast use in thera- 
7, more knowledge on this subject was 
sumed to be of value. 

The effect of intravenous glucose admini- 
ration on the splanchnic circulation and 
cygen metabolism in man has been studied 
7 Myers (1948). He stated that glucose 
ven intravenously diminished the splanch- 
¢ blood flow as well as splanchnic oxygen 
nsumption. 

In this paper new data on this subject will 
presented. The results obtained indicate 
at injections of hypertonic glucose solu- 
ms do not influence splanchnic blood flow 
splanchnic oxygen metabolism. 


| The work described in this paper was aided by 
ants from the Swedish National Association 
rainst Tuberculosis and from the Swedish Insti- 
e for Investigations on Malt Beverages. 


MATERIAL AND METHODS 


Six healthy non-hospitalized individuals were 
studied. The splanchnic blood flow (ESBF) was 
estimated by use of bromsulphalein (BSP) accord- 
ing to Bradley, Ingelfinger, Bradley & Curry 
(1945). All experiments were performed in the 
morning. The subjects were recumbent and had 
fasted since the foregoing night. No premedication 
was given. The right hepatic vein was catheterized 
after percutaneous introductiom of the catheter 
into the right femoral vein (Castenfors, Eliasch & 
Hultman 1960). Two small polythene catheters 
were then introduced, one in one of the brachial 
arteries and the other in a cubital vein. First the 
BSP space was determined by giving a single in- 
jection of 100 mg BSP in the cubital catheter 
(Castenfors et al. 1960). Immediately thereafter a 
priming dose of 100 mg BSP was administrated 
and the cubital veim catheter was connected to the 
BSP infusion pump. BSP was given at an approxi- 
mate rate of 3 mg per minute per square meter 
body surface area throughout the experiment. After 
30 minutes of infusion, sampling was commenced. 
Blood was drawn simultaneously from the right 
hepatic vein and the brachial artery at 5 to 10 
minute intervals throughout the experiment. After 
two initial periods to determine the basal data, a 
30 per cent glucose solution was given in another 
cubital vein during 3 to 14 minutes. In each experi- 
ment 50 g of glucose was administered. The effect 
of the glucose injection was studied during 40 to 
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55 minutes. Samples were analyzed for bromsul- 
phalein, hematocrit, hemoglobin and oxygen as de- 
scribed earlier (Castenfors ef al. 1960). The blood 
glucose content was measured in duplicate using 
the orthotoluidine method (Ek & Hultman 1958 


100 x Removal 
ESBF ml/min = 


Te 
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and Hultman 1959). The estimated splanchn 
blood flow (ESBF), the splanchnic oxygen co 
sumption (SOC), the splanchnic glucose producti 
(SGP) and the BSP extraction ratio were cz 
culated from the following formulae: 


arterial plasma concentration of BSP (mg/100 ml plasma) 
hepatic vein plasma concentration of BSP (mg/100 ml plasma) 


; 100 — Het _ 

(phys ae 
Removal mg/min = ee “a x 0.8 x BSP space 
SOC ml/min = 0.001 x ESBF x A-HvO, diff. 
SGP mg/min = 0.001lxESBFxHy-A glucose diff. 
Removal = amount BSP removed by the splanchnic area (mg/min) 
ESBF = estimated splanchnic blood flow (ml/min) 
I = infusion rate (mg/min) 
5) == 
h == 
AD = change im p in mg/100 ml plasma per min . 
Het = hematocrit (per cent) 
A-HvOz: diff. = 


Hv-A glucose diff. = 


ml blood) 


BSP space (ml) was 
calculated from: 


difference in oxygen content between arterial and hepatic vein blood (ml/l 


difference in glucose content between hepatic vein and arterial blood (mg/1 


injected amount BSP mg/min 


0.01 x zeroconc. BSP/100 ml plasma 


As the injection of hypertonic glucose caused an 
expansion of the plasma volume or the BSP space, 
the removal could not be calculated from the usual 


formulay (eee a X08 BSP space anlntead 


Removal = [+ 
The correctness of this formula necessitates a 
uniform change in the extrasplanchnic and the 
splanchnic plasma volumes. 
The BSP space, when changed, was calculated 


the following formula was used to correct for t 
change iin the extrasplanichniic BSP amount duri 
an alteration of the plasma volume (BSP space 


0.8 (BSP spacey x pi - BSP space x pe) 


100 x t 


from the hematocrit and the hemoglobin valt 
according to Elkinton & Danowski (1956). T 
formula is valid when the total hemoglobin amot 
does not change. 


Hb; (100—Hetg) 


BSP spaceg = BSP spacey x 

Hbg (100—Hct,) 
t ; = period time, minutes (tg —ty) 
BSP space, ml = BSP space at time; 

BSP spaceg, ml = BSP space at times 


pimg/100 ml plasma = BSP concentration at time, 
p2,mg/100 ml plasma = BSP concentration at times 
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RESULTS (Table I, Fig. 1). 


The mean ESBF before the glucose in- 
tion was 1450 ml per minute and the 
san ESBF after glucose was 1490 ml per 
nute. The corresponding values for the 
lanchnic oxygen consumption were 53.3 
d 54.5 ml per minute. 


The mean splanchnic glucose production 
the two initial periods was calculated as 
9 mg per minute (range 120—490). The 
aximal blood glucose concentration, ap- 
ating immediately after the glucose in- 


ction, ranged between 310 and 420 mg per | 


0 ml blood (mean 360). The blood glucose 
ncentration then decreased continuously to 
mean value of 175 mg pr. 100 ml blood 
ange 150—220) at 45 minutes. In five out 
six experiments the glucose maximum ap- 
ared in the hepatic vein. In the sixth (No. 
‘) maximum appeared in the artery. This 
se had the largest basal splanchnic glucose 
oduction (490 mg/min). 

After the peak in blood glucose concen- 
ition the difference between hepatic vein 
id artery glucose concentrations was small 
“negative. In three out of six experiments 
e blood glucose content of the inferior caval 
in below the entrance of the renal veins 
vs also determined. In two of these experi- 
ents (Nos. 108 and 112) the caval glucose 
ncentration was lower than the arterial 
ncentration both during the initial periods 
d after the glucose injection. In experi- 
ent No. 100 no such difference was ob- 
rved. 

In one experiment (No. 82) the hemoglo- 
a content of the heaptic vein blood was 
eater than that of the arterial blood during 
e two initial periods. In experiment No. 
2 the reverse relationship was found. In 


| 
| 
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all experiments there was a diminution of 
the hemoglobin concentration of the blood 
after the glucose injection. The maximal 
changes were observed in the blood samples 
drawn immediately after the glucose injec- 
tion. The average increase in the initially 
determined BSP space amounted to + 156 
ml. 


DISCUSSION 
It has earlier been reported that a glucose 
solution given either intravenously (Myers 
1948) or orally (Brandt, Castleman, Ruskin, 
Greenwald & Kelly 1955) decreases the 


splanchnic blood flow as well as the splanch- 
nic oxygen consumption. In the present in- 
vestigation no effect of intravenous injections 
of a hypertonic glucose solution was observed 
on either the splanchnic blood flow or the 
splanchnic oxygen consumption. Myers’ data 
(1948) were presented as a short summary 
and no details were given. According to 
our findings glucose administrated by differ- 
ent routes has different effects on the 
splanchnic circulation. In a previous investi- 
gation (Castenfors et al. 1960) it was found, 
contradictory to Brandt et al. (1955) that 
hypertonic glucose given orally markedly in- 
creased the splanchnic blood flow. Thus, it 
was found important to examine whether the 
increase of the splanchnic blood flow was 
due to the hyperglycemia obtained in these 
studies. 

In the present study it was necessary to 
correct for changes of the BSP space when 
calculating the blood flow: the diminution of 
the plasma BSP concentration (negativeAp) 
immediately after the glucose injection was 
not due to an increased removal of dye but 
to the rapid expansion of the BSP space or 
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Table I. The effect of intravenous injection of 50 gm glucose studied on s 


(ESBF), splanchnic oxygen consumptu 


i 


: BSP 
“oe Sex Age BSA m? | space 
No. 

82 | M 26 2.07 2912 

50 ym glucose i. v. 3081 

(0O—3 min) 3161 

3101 

99 M 24 2.15 3649 

50 pm glucose 1. v. 4113 
(O—4.5 min) 

100 Vion 2.04 3205 

50 gm glucose iv. 3425 

(0—7 min) 3523 


the plasma volume. Instead of directly meas- 
uring the change of the plasma volume, he- 
matocrit and hemoglobin were determined on 
each blood sample and the changes of the 
plasma volume were calculated from the he- 
matocrit and hemoglobin values according to 
the formula given in “methods”. However, 


BSP ‘ 
Time — : 
from | Period g 
start of | time | Infused 3 
glucose | min | amount 8 
inj. min mg/min qe 
Woe 
pert al cn 79 
Teel sig eeaize 71 
— 25 ; : 68 
6.1 | 6.64 
Sad lMs on Se 74 
oS 69 
4.5 6.44 
14.0 69 
4.7 6.83 
18.5 74 
4.8 6.58 
PES 69 
5.8 6.55 
29.0 9.5 6.70 73 
39:02 [ui 67 
ese le od ea 64 
eal ae oi 62 
== ILS i k 59 
9.0 6.73 { 
J ogg eee 61 
3e5 51 
58 6.51 A 
18.5 54 
4.9 6.63 J 
23.5 53 
SS) 6.62 > 
29.0 52 
5.0 6.53 : 
34-0") 10.0 |) 6.53 47 
44.0 ; : 52 
ge REIN NR q 
SENS ne 5§ 
— 2.5 : . 57 
if 7 toed 
Bes eee a 55 
14.5 57 
4.7 6.29 
19.5 ry 
5.3 | 6.47 . 
24.5 AE 
4.9 6.45 
29:5 t 
5.1 6.49 : 
212.1 107 eeoae 4 
A565 53 


the alterations of the BSP space, thus ¢ 
countered, were small and had no aft 
on the determination of the flow except : 
the first period after the glucose injection 
In the results values are given of 
splanchnic glucose production (calculat 
the product of flow and Hv — A glue 


| 
) 


I 
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ormal volunteers. Values are given for estimated splanchnic blood flow 


nd splanchnic glucose production. 


a aa x Hemoglobin Blood glucose o) 
a ; . g = extinction mg % 8 
4 |Cslee | 3 es Fe ee 
& | a 258 s Hep.| 2° | “@ g34 
a re [Ss gS 5 vein | 28 i 335 
MN S aod o = > > = = £ op 
BS |<3- lose] x Se (re | Oe 
a re 6.55471 569 | 186-1 135 49 
os 31.7 | 34.4°/ 39.0 | 543 | 561 | 86 | 130 44. ae 
ee = 30.5: |. 547.) 591 1) Bah} 130 44 
1240 2972 
31.6 | 38.2 | 38.5 | .495 | 549 | 368 | 318 a5 
Se 28.0 | 31.4 | 38.5 | .513 | .535 | 270 | 303 garlic che 
dco | — | — | 38:3 | -521 | 536 | 239 | 246 7 a 
S| — | — | — | sie | 555 | 222 | 232 10; (aaa 
gon | 30-5 | 28.2 | 38.0 | .522 | .547 | 218 | 196 S88 seer 
900 | — | — | 380 | 515 | 546 | 200 | 170 =O | eae 
=) = 137.5. | 538 | .562 | 174 | 170 aa 
Bee iaa.g (ear ‘seam | 93. ifo7 19 
:.. 46.0) 58.2.) —. i616 | 629 | °74. 1 98 24 Bae 
ert Pas |619 W668 | 377 95 18 
10] . 333.5 
39.6 | 66.5 | 42.0 | .579 | .578 | 310 | 331 21 
. 34.8 | 56.6 | 42.0 | 585 | 588 | 250 | 254 4 on G 
issn | — | — | 42.0 | 587 | -596 | 229 | 230 1 se 
isco | —. | =. | 430 | -398 | 595 | 208 | 210 2 oe 
jero | 39-1 | 67.8 | 43.0 | .592 | 588 | 188 | 189 tis Bees 
tecn| — | — | 42.0 | .603 | .s84 | 173 | 149 = eee 
Se = ase |n.606 1.598 | 154. |152 BOAS: 
ee ee fe sto e893. |) 79°) 195. | 284 16 
:. 45.2 | 75.0 | 35.5 | 521 |.505 | 79-| 94] 81 15 Rs 
: See AP 36 1518 1507 1, 751) (94 | 76 9 
1780 231.4 
_. | 43.6°| 72.6 | 35.5 | 468 | .471 | 329 |.346 | 332 17 
en 473 | 764 | 34.5 | .486 | .465 | 291 | 290 | 292 |— 1 en 
io | — | — | 360 | 487 | 480 | 261 | 261 | 260 |+ 0 ay) 
io | —. | x, | 350 | 500 | 490 | 243 | 247 | 246 4 ioe 
tego | 48-2 | 824 | — | 490 | 499 | 206 | 220 | 241 14 ee 
roan | — | — | 37.0 | 489 | 493 | 198 | 206 | 221 |— 4 | _ "08 
— | — | 370 | .s04 | 486 | 185 | 181 | 193 8 


lifference). These data are uncertain in sub- 
ects with a rapidly falling blood glucose con- 
entration as after a single intravenous in- 
ection of hypertonic glucose. The blood 
amples from the artery and the hepatic vein 
vere drawn simultaneously and thus, at a 
apidly falling blood concentration, the he- 


patic vein value should be higher than the 
arterial value because of the circulatory delay 
over the splanchnic vascular system. Further- 
more, at a falling concentration the splanch- 
nic glucose values must be influenced by 
rapid uptake and release of glucose from 
different tissues. For this reason the splanch- 
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Table I cont. Lhe effect of intravenous injection of 50 gm glucose studied on Si 


Pe ESBF), splanchnic oxygen consumptio 


Subj BSP 
.o Sex Age BSA m? | space 
No. ml 


101 24 1.91 
50 gm glucose i. v. 3306 
(O—7 min) 
108 M28 1.86 2960 
50 gm glucose i. v. 3067 
(O—14 min) 
112 M 23 1.89 2967 
50 gm glucose i. v. 3235 


(O—8.5 min) 


nic glucose data were conflicting. In five out 
of six experiments, glucose was released 
from the splanchnic area immediately after 
the injection. Thereafter, the results were 
inconsistent but a tendency towards a 
splanchnic glucose removal was seen during 
the later part of the experiments. The only 
subject with a splanchnic removal of glucose 


Time 
from 
start of 
glucose 
inj. min 


Extraction 


ree): 
ay Oo | + 0.012:| “a 
ea | 0.009 | 
9.0 0. +000 
14.0 0.91 49 
+ 0.014 | 2a 
19.0 0.98 44 
+0.012 | 48 
24.0 1.04 42 
40.012 | 4 
30.0 1.11 46 

+. 0.010 
35.0 1.16 | + Oo, a 
49.5 1.24 : 48 
— 14.0 1.11) | 6 yea 
5g 5 1.08, | 7) 
Sey 1.03 68 
+ 0.006 | ( 
16.0 144 | ocala 
21.0 1.14 57 
+ 0,028 | 
27.0 1.29 62 

+ 0.008 
32.0 12335 59 

+. 0.016 
37.0 1.42 58 
+ 0.010 
43.5 148° | Oe 
54.5 . 50 

1.55 

LAOS. 111 | 29-00 qa 
25s 215} eee 
Tai 1.19 65 
id foe | 002 
: 6 | 40010] 38 
14.5 111 59 
+ 0.013 ) 
20.5 1.18 57 
25.5 1.25 | + 0014 | ag 
30.0 4.31 | +0012 | 54 
35.5 1.39 | + nome 53 
45.5 yee haa 51 


immediately after the glucose injection h 
a high basal splanchnic production of gluco: 
It has been observed (Castenfors, Eliasch 
Hultman, to be published) that a liver wi 
high basal output of glucose is more “hu 
gry” for glucose and consequently will 1 


move substantial amounts of supplied g! 
cose. 
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‘mal volunteers. Values are given for estimated splanchnic blood flow 
1 splanchnic glucose production. 


Es i is Hemoglobin Blocd gluc ose a 
; ° g = extinction mg % 3 
=, a oO. = g 
= Sree o. 5 jemi shes 6 
=] oe ce fe) a) of oS 
: bE 9 Eg = Hep. | <7 <e ee: 
7 | OE Eee fg Cor eee Peel 
; i fRes| § Vee ee i et cee 
1 |< lose] = AS) vee 1 Seg 
ease sod. 1 o6g9 lst | 88 7 
4 24.9 | 50.8 | 39.0 | .585 | 585 | 82 | 88 6 ile 
Se || 380 | 581 886 1-81 | 97 6 
10 271.4 
19 | 273 | 535 | 35.5 | 551 | 553 | 387 | 408 21 ek 
99 | 25:9 | 51-8 | 35.0 | 557 | 559 | 319 | 313 Ae 
so | — | — | 350 | 563 | 357 | 276 | 273 ee aie 
o | — | — | 35.0 | .562 | 567 | 245 | 240 = ee 
oy | 248 | 48.7 | 37.0 | 558 | -569 | 212 | 217 5 ine 
so | — | — | 365 | 560 | 568 | 176 | 186 10 ee 
ee 8 137.0) | 2879. | 570.11) 153.01 146 see 
ee, 1-410} 563 e588 ersze| 104 | 91 17 
» 37.5 | 45.6 | 40.0 | 561 | 556 | 88 | 105 | 78 17 roe 
Se =| 46,0 e55S).1 563 lem 94-1 105-1" 079 14 
50 281.3 
50 | 381 | 50.9 | 40.0 | 534 | 544 | 361 | 392 | 332 | 31 ae 
a, | 37-5 | 488 | 39.0 | 525 | 524 | 302 | 317 | 254 Glades 
so | — | — | 395 | -533 | -534 | 276 | 260 | 248 |— 16 | — 4.38 
me) — | — | 395 | 535 | .530 | 247 | 227 | 226°|— 20 | — 2124 
| 40.0 | 45.6 | 38.5 | 538 | 527 | 229 | 225 | 219 |— 4 | — 1384 
50 | — | — [39-0 | 537 | 534 | 211 | 203 | 205 |— 8 | — $26 
. | =. F 39.0 | .529-| 528 |.170.| 172 | 179 2 
0 | — | —. | 42.0 | 576 | 559 | 84 | 96 | 82 12 wwe 
10. | 441 | 55.8 | 42.0 | 580 | 561 | 89 | 99) 85 10 oe 
— | 420 | 567 | 561 | 88 | 104 | 35 13 
80 269.1 
so | 39.5 | 541 | 40.5 | .537 | .528 | 301 | 417 | 322 26 Re 
aH | 42.1 | 56.0 | 40.5 | .539 | .543 | 332 | 333 | 302 1 ais 
1p | — | — | 40-5 | 535 | 532 | 294 | 306 | 276 12 Be 
ee | 40 896. | 521°) 279. | 276-267 3 fie 
4 40.4 | 51.9 | 40.5 | .542 | .520 | 254 | 251 | 244 |— 3 |— 393 
See | 40-0, 11.541 110538, |242),) 240 | 229 |— 2 | a 
ma | — | 400 | 532 | ‘545 | 219 | 219 | 210 14 0 


Phe splanchnic glucose data after anintra- g glucose per kg body weight was given 


ous glucose injection reported earlier are during 5 minutes). ) 
2. Myers (1948) observed in man a mar- 


ked increase in the splanchnic output of glu- 
. Soskin, Essex, Herrick & Mann (1938) cose immediately after a rapid intravenous 
nd in the dog a hepatic removal of glucose injection (50 g glucose in a 10 per cent 


ing the first hour after an intravenous in- solution). 
ion of a 30 per cent glucose solution (1.75 3. Bondy, James & Farrar (1949) found 
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Fig. 1. A typical experiment with intravenous in- 
jection of 50 gm glucose on subject No. 112 (see 
Table I). The figure demonstrates the effect on 
ESBF, blood pressure and liver oxygen uptake. 


in man an immediate retention of glucose by 
the liver after an intravenous injection of 
glucose (0.5 g glucose per kg body weight 
in 250 ml destilled water was given during 
15 minutes). 

4. Gordon, Craigie, Kerr, Cherrick & 
Sherlock (1960) observed in man on an 
average a negative glucose difference be- 
tween 30 and 60 minutes from the time of 
injection (50 ml 50 per cent glucose was in- 
jected during 3 minutes). However, their re- 
sults were not uniform and the Hv-A glu- 
cose differences were small. 


It is difficult to explain the different re- 
sults obtained by the above authors and in 
the present investigation. It is suggested 
that the variance is mainly due to the differ- 
ent rates of adminstration and the different 


concentrations of the injected glucose | 
sulting in different rates of fall of the ble 
glucose concentration. 

The mean value of the basal plana 
glucose production was greater than th 
obtained by other investigators (Myers 19 
Bondy et al. 1949, Bearn, Billing & Sherk 
1951, and others). This was largely due 
the influence on the mean of the extrem 
high splanchnic glucose production in « 
periment No. 82. 

In two of the three experiments in wh 
the glucose concentration of the inferior ca 
vein was also measured, there were gf 
differences between the arterial and the ca 
blood indicating a peripheral removal of 
glucose given. 


SUMMARY 

The effect of a rapid intravenous inject 
of hypertonic glucose solutions on — 
splanchnic blood flow and oxygen consut 
tion was studied in six healthy non-hospi 
ized volunteers. 
The glucose injections resulted in a { 
nounced hyperglycemia and a moderate 
pansion of the plasma volume. The m 
blood glucose concentration decreased fi 
370 mg glucose per 100 ml blood to 175 
during the 45 minute period. No measure 
effect on either the splanchnic blood flow 
the splanchnic oxygen consumption © 
found. 
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A considerable drawback in the surgical 
therapy of peptic ulcer is serious postgast- 
rectomy syndrome (dumping) appearing in 
5 to 10 per cent of patients submitted to 
partial gastrectomy. It is well known that 
during a dumping attack, signs of vasomotor 
disturbance occur. Many investigators con- 
sider this circulatory unbalance to be a con- 
sequence of a decrease in the plasma volume 
(Roberts, Randall, Farr, Kidwell, McNeer 
& Pack 1954, Amdrup & J¢rgensen 1957, 
Wallensten 1960, among others). However, 
others have not been able to correlate the 
degree of decrease in the plasma volume with 
the severity of symptoms (Hinshaw, Joer- 
gensen, Davis & Stafford 1957, Duthie, 
Irvine & Kerr 1959 and Borgstrom 1960, 
among others). This lack of correlation has 
been thought to be due to a varying indi- 


1 The work described in this paper was aided by 
grants from the Swedish National Association 
Against Tuberculosis and from the Swedish In- 
stitute for Investigations on Malt Beverages. 


vidual sensitivity to loss of plasma wa 
(Le Quesne, Hobsley & Hand 1960) or 
a concomitant increase of the periphe 
blood flow (Hinshaw et al. 1957). On 
other hand it has been suggested that 
dumping reaction is caused by a rele 
adrenaline (Smith 1951 and Duthie ef 
1959, among others) and also that there 
an accumulation of blood in the veins of. 
splanchnic area (Hoffmann 1939 and Sch 
de & Heinecker 1955). 


In the face of these diverging concept 
was thought timely to study splanck 
hemodynamics during the dumping epis 
in partially gastrectomized patients. “ 
dumping attack was provoked by giv 
a hyperosmotic glucose solution orally. ] 
to the type of technique used, most patié 
went into a circulatory collapse after a sl 
while. In this paper results will be preset 
from seven collapse studies. Control stu 
on healthy human subjects will also be 4 
sented. When the same technique was 
ployed these healthy subjects did not 
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ience any discomfort. It was found that 
marked decrease in splanchnic vascular 
istance preceeded the circulatory collapse 
the gastrectomized patients, while in the 
‘mal subjects no corresponding change 
s observed. 


MATERIAL 


even) non-hospitalized healthy volunteers with- 

history of significant gastric complaints and 
sn partially gastrectomized individuals were 
lied. Physical data are given in the tables. One 
ent, No. 106, had no history of dumping reac- 
» and had full working capacity. The other six 
e hhospitalized for dumping symptoms and had 
aced working capacity. All had been partially 
trrectomized with gastro-jejunostomy according 
he Polya method several years before the pre- 
- investigation; one patient, No. 91, had also 
1 submitted to a vagal resection. 


METHODS 


“he studies were performed in the morning. The 
ents and the volunteers had fasted since the 
going evening. 0.1 gm of sodium amytal was 
nm orally 30 minutes before the start of the 
ly. With the individuals in the supine position 
left femoral vein was punctured and, under 
roscopic control, a polythene catheter intro- 
ad percutaneously and passed via the inferior 
ui vein into the right hepatic vein (Castenfors, 
isch & Hultman 1960A). A small polythene 
eter was then placed in a cubital vein and 
ther in one of the brachial arteries. After this 
-edure the subjects were carried from the X-ray 
e to a comfortable chair in which they sat 
ughout the study. The splanchnic blood flow 
estimated by use of the BSP (bromsulphalein) 
hod of Bradley, Ingelfinger, Bradley & Curry 
(5). 

. priming dose of 100 mg of BSP was first 
ected. Thereafter the BSP infusion was given 
constant rate with a motor-driven syringe (Ek 
)). The flask containing the BSP solution was 
ed on an automatic balance allowing continuous 


registration of the quantities infused. Approximately 
3 mg BSP per square meter body surface area was 
infused per minute. After 30 minutes of infusion 
(equilibration time) sampling was started. Three 
sets of simultaneous blood samples, 5 to 10 minutes 
apart, were drawn from the hepatic vein and the 
brachial artery for the control data. When these 
samples were obtained the subjects drank 400—500 
ml of a 20 per cent glucose solution in 1 to 5 
minutes. The solution had a temperature of 37° C. 
After this administration, simultaneous samples 
from the hepatic vein and the brachial artery were 
drawn at varying intervals during 20 to 50 minutes. 
The blood pressure (cuff) and the pulse rate (pal- 
patory) were continuously measured throughout the 
experiment. The patients were tilted to a horizontal 
position when signs of circulatory collaps appeared 
or were manifest. In four studies sampling was 
continued in this position. 

The analytical methods have been previously 
described for BSP, hemoglobin and oxygen (Ca- 
stenfors et al. 1960 A) and sugar (Hultman & 
Castenfors 1961). The hematocrit values were de- 
termined with a Wifug centrifuge. 


CALCULATIONS 


Splanchnic A 
removal =I a Extrasplanchnic BSP space 
Estimated splanchnic 


S ni wal 
blood flow (ESBF) — Splanchnic removal 


100—Hct 
(p—h) X ai 


The extrasplanchnic BISP space was assumed to 
be 0.8 times the total BSP space (Bradley, Marks, 
Reynell & Meltzer 1953). Changes in plasma vol- 
ume (BSP space) and im blood volume were 
estimated by employing the following formulae: 
hb, 


By X hby = Bg X hbg; Bg =Bi X 
hbo 


hb; (100—Hctg) 


BSP spaceg = BSP spacei X “hb (100—Het1) 


The plasma volume (BSP space) was computed 
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from the bodyweight according to the formula of during the clearance period the removal was 


Sjostrand (1949). When the BSP space changed calculated from: Splanchnic removal = 
Extrasplanchnic BSP spacey X pt — Extrasplanchnic BSP spaceg X p2 ; 
=a fe 


t 


This formula is valid only if changes in the Estimated splanchnic oxygen consumption (ESO 
BSP space are parallel inside and outside the ml/min = ESBF, L/min  Splanchnic oxy 


splanchnic area. difference, ml/L 4 
ii = infusion rate, mg/min ¥ 
p i = arterial plasma concentration of BSP, mg/100 ml plasma 
h = hepatic vein plasma concentration of BSP mg/100 ml plasma 
Ap = change in p in mg/100 ml plasma per min : 
Het = hematocrit, per cent 
t = period time, minutes (tg—t1) 


BSP spacey, BSP spaceg = BSP space at ti, te, ml 
BSP arterial plasma concentration at ti, tg, mg/100 ml placa 


Pi, D2 = 
Bi, Be = blood volume at ti, to 
hby, hbg = hemoglobin concentration at ty, ta, extinction { 
Het, Heto = hematocrit value at ti, te, per cent. : 
RESULTS Il. The effect of the glucose test meal. 
I. Control values in the sitting position. A. Normal subjects. Table II, Fig. 1. — 
Pertinent data are listed in Table I. Seven The seven normal subjects showed no sigit 


healthy men, three gastrectomized women discomfort after the test meal; they sat comfort 
and four gastrectomized men were studied in the chair throughout the experiment. The of 


Pehl ain a ; vation period ranged between 25 and 46 mini 
Nad On an gverage a lOWeI The results of the circulatory response to the 


splanchnic oxygen difference than the male meal are reported in the table as the means of 
patients but the mean ESBF was almost the maximal change im pulse rate, blood volume, ES 
same in both groups. The gastrectomized and A-HvOe difference, respectively. | 
women had a lower mean ESBF and a 
greater splanchnic oxygen difference than 
the male patients as well as the normal sub- 
jects ; the difference was not significant. 


a. Pulse rate, blood volume, arterial 
blood pressure. 


In the normal subjects the glucose aa 
followed by a rise in pulse rate, the blood pres 


Table I. Control values in the sitting position. 


A-HvO, diff. 


Seven normal males 
Four partially gastrectomized males 
Three » » females 


41.1 (26.5—60. 
46.4 (38.9—61.1) 
60.7 (52.7—69.7 


1510 (1100—1990) 
1410 (1085—2010) 
1010 ( 655—1485) 
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ig essentially constant. The maximal increase in 
se rate averaged 8 beats per minute. The blood 
ame tended to decrease slightly (0.7—5.9 per 
t) during the first 30 minutes after the meal. In 
- subjects this decrease was followed by an in- 
ase of the blood volume towards the end of the 
ly (Nos. 23, 24, 25, 27, and 31). The appearance 
e for peak values in blood volume and pulse 
> varied widely during the period of observation. 


Estimated splanchnic blood flow 


(ESBF). 


The ESBF changed slightly in four studies and 
reased markedly in three. The two types of re- . 
ion are illustrated in Fig. 1. The maximal in- 
ase in the ESBF averaged 380 ml per minute or 
per cent, appearing 19 minutes after the meal. 


Arterio-hepatic venous oxygen difference 
(A-HvO,), and estimated splanchnic 


oxygen consumption (ESOC). 


The A-HvQOg difference did not change signi- 
antly in five out of seven studies. In the two 


Study No 25. M 25 years 


Position: Sitting 


@Hep v. 


0. 


’ “a FE eee 
a 
is 2— haa omg gee | GS 
x 
nM pena ’ 
9 it —— 
ne Oe [J 
@Hep.v. 
OAr 
s—* 
——— 
y ee 7 
by = lo oD 
2700 eee 
75 
na 
2300: 
2100- 
fa) 


bs LA 


remaining studies there was a successive decrease; 
in these the highest resting A-HvO2 difference 
values were encountered. 

Due to the variations in the A-HvOg difference, 
the estimated splanchnic oxygen consumption fluct- 
uated markedly after the meal and decreases as well 
as increases were observed. 


d. Glucose resorption. 


After the meal the blood glucose concentration 
rose steadily throughout the experiment. 

In all subjects the glucose concentration was 
higher in the hepatic vein than in the artery but 
this difference tended to decrease towards the end 
of the study. The highest values in arterial and 
hepatic venous glucose concentration averaged 200 
and 219 mg glucose per 100 ml blood, respectiviely. 
However, the real peak values were never observed 
since the blood glucose concentration was still rising 
when the studies were discontinued. In order to 
estimate the speed of resorption, the control arterial 
concentnation was subtracted from the arterial con- 
centnation at 10 and 25 minutes after the glucose 
meal, respectively. These values are given in 
Table III. 


Study No 94. M, 44 years 


Normal subjects 


500 ml ae glucose 


Art. 
0500 ——4 


> 


Fig. 1. The effect of oral glucose 


Sitting 
500 ml 20% glucose 
@Hep.v. 4 
oArt. 
a Stes 
Pulse rate 
‘4 beats/min 


oT 


Blood press, 


10 Oe ee eee 
e@Hepy. 
Sark 
225. 
YT Blood glucose 
mg Yo 
125: 
1; 
aa 
1 
1 ESBF 
iid ml/min 
45, 
A-Hv 09 diff. 
35.0} 800: mt/L 
ze -20 -10 +0 +10 +20 +30 min 


ingestion on 


different parameters in two healthy volunteers. 
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Table II. The effect of the glucose meal in seven healthy volunteers. 
Figures of maximal deviation in the different parameters. 


24 


25 


72) 


31 


94 


98 


Sex 
Age 
BSA 
M2 
M Before glucose 
35 After glucose 
2.00 max. 
: min. 
0’-16’max. 
M Before glucose 
38 After glucose 
1.65 max 
min. 
0’-16’max. 
M Before glucose 
25 After glucose 
1.83 max. 
min. 
0’-16’max. 
M Before glucose 
41 After glucose 
2.17 max. 
min. 
0’-16’max. 
M Before glucose 
29 After glucose 
2.08 max. 
min. 
C’-16’max. 
M Before glucose 
44 After glucose 
2.03 max. 
min. 
0-16’max. 
M Before glucose 
36 After glucose 
2.14 max. 
min. 
0’-16’max. 
Before glucose: 
n 
mean 


After glucose max. 


0’-16’ max: 


16.0—26.0 
6.0-16.0 


26.0-36.0 
6.0-16.0 


15.0-25.0 
5.0-15.0 


6.0-16.0 
6.0-16.0 


20.0—25.0 
10.0-15.0 


2.5—-5.0 
2.5-5.0 


20.0-30.0 
3.0-6.0 


+ 


235 


480 
480 


365 
255 


100 
100 


40 
170 


37.7 
PP? 


43.6 
43.6 


2974 


20.3 


8.7 
8.7 


Pipi 
8.5 


A-HvO? diff. 


19.0 
14.8 


9.6 
9.6 


4.6 
4.6 


1.5 
L504 
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Pableel l= (forts?) 


SS 


Bis2Ore Blood volume Pulse rate Amount 
S| 20 % 
Art. glucose 
Change | Change | Time} Hb | Change | Time | Beats | Change | Change given 
ml/min ml/min Oe min ext. ws min | /min |beats/min Te orally 
69.7 0.609 66 
90.3 + 20.6} + 29.6 6.0 | 0.617) — 1.3 6.0 68 ae + 3.0 500 
79.6 36.0 | 0.599), + 1.7 
90.3 + 20.6 | + 29.6 6.0 | 0.617) — 1.3 6.0 68 + 2 + 3.0 
53.8 0.511 97 
57.0 4~ 9/322} += 59 | 26:0 |) 0:523| —2.3 36.0 | 114 + 17 + 17.5 460 
67.3 46.0 | 0.509} + 0.4 
57.0 + 3.2] + 5.91] 16.0 | 0.513} — 0.4 16.0 | 110 + 13 + 13.4 
Bae2 0.495 77 
62.5 + 9.3) + 17.5 5.0 | 0.502} — 1.4 35.0 86 ap + 11.7 500 
Slav 45.0 | 0.467} + 6.0 
63.3 + 10.1 + 19.0 5.0 | 0.502} — 1.4 15.0 82 Se + 6.5 
PL si F523 2s 
50.6 — 20.5 | — 28.8 6.0 | 0.536} — 2.4 16.0 | 76 qi + 1.3 500 
72.9 46.0 | 0.512) +° 2.1 
61.9 — 92); — 12.9 6.0 | 0.536) — 2.4 16.0 76 Te + 1.3 
67.2 0.611 88 
62.7 — 45] — 7.2 6.0 | 0.615] — 0.7 15.0 92 + 4 + 4.5 500 
77.6 25.0 | 0.585] + 4.4 
62.7 — 45] — 7.2 6.0 | 0.615} — 0.7 15.0 92 Sie a + 4.5 
44.3 0.602 78 
41.4 — 2.9; — 6.51} 18.5 | 0.626, — 3.8 235 90 se tee? + 15.4 500 
46.4 
41.4 — 2.9 — 6.5 2.5 | 0.618} — 2.6 25) 90 + 12 + 15.4 
52.7 0.547 64 
41.9 — 10.8 | — 20.5 |} 13.5 | 0.581) — 5.9 20.0 72 qe + 12.5 500 
50.9 
41.9 — 10.8 | — 20.5 |} 13.5 | 0.581) — 5.9 6.0 68 + 4 + 6.3 
7 i 
58.9 78 
a 7 7 7 7 7 7 Ue 7 
58.1 — 08] — 14] 12 — 25 19 85 + 7.6) + 9.4 
7 7 7 a a 7 7 7 a 
59.8 + 09] + 1.1 8 — 2.1 11 84 + 6 + 7.2 
+ 0.7 ae 
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Table III. The increase in arterial blood glucose concentration in normals and patient 
7 


10 min increase in art. 


25 min increase in art. — 


blood glucose conc. blood glucose conc. z 

mg % mg % ‘ 

Normals: : 
n 7 ‘ 
mean + 24 + 81 | 
Sais + 6.9 + 10.1 
Patients: ; 
n oH 4 ¥ 
mean + 54 + 104 : 
Seis 9.1 + 18.0 ; 


B. Partially gastrectomized patients. 
Mable LV, eis. Z. 


All these patients reacted with a fall in arterial 
blood pressure resulting in a circulatory collapse. 

Immediately after they had drunk the glucose 
they started to complain of epigastric pain, dizziness 
and fatigue. Viarying between 11 and 17 minutes 
(mean 13) from the onset of the glucose ingestion 
the heart rate decreased and the blood pressure fell ; 
the patients went into a semiconscious state. They 
were immediately tilted to horizontal position where 
the blood pressure was normalized and the symp- 


after the tilting when the blood pressure rose 
normal (Figs. 3 and=4). The maximal ineré: 


averaged 21 beats :per minute (S.E. 


3.5) and ¥ 


significantly greater than the corresponding mé 
value of the normal subjects (0.01 > p> 0.001). 
The blood volume decreased rapidly after ' 


meal, reaching its lowest value immediately 


Study No 30. F. 39 years 
Partially gastrectomized patient 
Position: Si ae ce 


@Hep.v. 400 ml 20 Y% glucose 1 
oArt. i 


bef 


— 


toms diminished. a | ss —2 eS ee 
All the circulatory parameters recorded during _ ee prttnta, gs beatae ) 

the first minutes after the meal followed a typical x “ 

course which was interrupted by the pressure fall. “a Co tH | ses Sete 

In order to obtain representative values during the oN to ee on cela | 1 [LL | 

“precollapse” time, the means of the maximal devia- re | 

tion in all variables prior to the blood pressure fall 150 Oe Blood ches | 


were computed. These means were compared to the 
corresponding means obtained in the healthy sub- 
jects, 1. ¢. the maximal changes during the first 16 
minutes after the test meal in the latter studies 


ESBS 


ml/min 
(Table I). 
A-Hy Oo diff. 
mt/L © 
a. Pulse rate, blood volume, arterial blood BY Oe oa ee ae, ae 


pressure. 


Immediately after the meal the pulse rate in- 
creased, reaching a maximal value before the col- 
lapse, then, suddenly dropped and increased again 


Fig. 2. The effect of oral glucose ingestion 

different parameters in a partially  gastrectom 

patient reacting with a marked fall in blood pr 
ure and subsequent syncope. 
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al©) 


Art. glucose conc.,mg % 


780: 
170 ¢ 
150: 
130 
x 

10 
go, * «7 Controls 

e4 Patients 


Basal 10 


25 min 


g. 3. The arterial blood glucose concentration in 

ven healthy volunteers and in four partially gast- 

ctomized patients. Mean values before and after 
the glucose meal. 


during the collapse. In three out of four studies 
here blood was sampled after the collapse, the 
ood volume rose successively after the patients 
id been tilted to the horizontal position. The 
aximal decrease during the precollapse time aver- 
red 6.6 per cent (S.E. 1.2); this decrease was 
nificantly greater than the corresponding mean 
r the normal individuals (0.01 > p> 0.001). The 
moglobin concentration of the hepatic venous 
90d was not significantly higher than the hemo- 
obin concentration of the arterial blood after the 
ucose meal. 


The estimated splanchnic blood flow 
fESBF). 


After the glucose meal the ESBF increased 
pidly in all seven patients. The BSP data showed 
greater removal and a lower extraction of BSP. 
he mean of the maximal ESBF value prior to the 
90d pressure fall was calculated. Two studies 
Vos. 26 and 28) were excluded because in these 
periments the last sample of the clearance was 
awn after the onset of the collapse and, hence, 
e maximal ESBF value in these two patients was 
obably not representative of the precollapse phase. 
the other five patients, sampling intervals were 
orter and the samples were obtained before the 
llapse. The average maximal increase in ESBF 
these five patients was 722 ml per minute (70 per 
nt) (S.E. 152). This increase was significantly 
sher than the corresponding increase in the nor- 


mal subjects (0—16 minutes) (0.01 > p> 0.001). 
In four patients (Nos. 26, 28, 30, and 41) the ESBF 
was determined after tilting to the horizontal posi- 
tion in which the blood pressure had returned to 
normal values. The ESBF was moderately lower 
in this position as compared to the corresponding 
maximum before the fall in blood pressure 
(Table IV). 


c. Arterio-hepatic venous oxygen difference 
(A-HvO,) and the estimated splanchnic 
oxygen consumption (ESOC). 


After the glucose administration, the A-HvOs 
difference decreased in all studies and in six the 
negative peak was observed before the drop im blood 
pressure. In the seventh study (No. 28) the 
A-HvOs difference fell markedly (69.7 to 27.8 
ml/L) during the precollapse time but a further 
decrease to 24.5 ml/L was observed after tilting to 
the horizontal position. Due to the long sampling 
intervals the minimum value was probably not ob- 


Study No 26. F. 42 years Study No 67. F. 42 years 


Partially gastrectomized patient 


Position: Sitting 


[Supine Sitting —————> | Supine 
® Hep.v. 


V, 500 mt 20 %glucose! 
oO Art. L p 


500 mt 20 me gecore \ 


Hemoglobin 
ext. 


Pulse rate 
beats/min 


Blood press. 
mm Hg 


Blood glucose 
mg % 


ESBF 
m/min 


A-Hv 09 diff. 
mU/L 


Fig. 4. Two experiments on a partially gastrectom- 

ized patient. The control study with more frequent 

blood sampling shows better correlation between 
the ESBF and the A-HvOgz difference. 
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Table IV. The effect of the glucose meal in seven partially gustrectomized patients. 
Figures of maximal deviation in the different parameters. 
+.) The clearance period includes part of the collapse phase. 


Before glucose 1485 
41 After glucose 
1.62 max. | 6.0-17.0 | 2200+) 
min. |17.0-26.0 | 1970 
28 M Before glucose 2010 
29 After glucose 
1.86 max. | 7.0-17.0 | 2250+) 
min. |27.0-37.0 | 1960 
30 F Before glucose 880 
39 After glucose 
1.69 max. | 5.0—-9.0 1820 
min. |18.0—-28.0 | 1790 
41 M Before glucose 1085 
32 After glucose 
1.74 max. | 5.0-8.0 1570 
min. |22.0-31.0 | 1480 
91 M Before glucose 1125 
36 After glucose 
1.89 max. | 6.0-8.0 1590 
‘93 F Before glucose 655 
53 After glucose 
1.78 max. | 6.0-8.5 1160 
106 M Before glucose 1425 
40 After glucose 
1.99 max. | 6.0-9.0 | 2640 
Before glucose: 
n 5 
mean 1034 
After glucose max: 
n 5 
mean 7 1756 
S.E. 


tained in some studies. At, or immediately before 
the collapse, the A-HvOg difference returned to 
the resting values (Fig. 2). The maximal decrease 
in the seven studies during the precollapse phase 
averaged 18.3 ml/L (35 per cent) (S.E. 4.3) and 
was significantly higher than the corresponding 


Change | Time 
oe min 


6.0 | 27.8 | — 41,9900em 
+ 4851 + 32:7) 26.0 | 24.5 | — 45.20 
42.7 
7.0 | 27.46 | — 32 
— 50| — 2.5 | 27.0 147.3.) 4 4:enie 
52.7 
+ 940 | + 106.8] 9.0 | 29.1 |.— 23.6.0 
18.0 | 34.6 | —' 18,72 
43.0 
+ 485 | + 44.7| 12.0] 28.7 | — 143) 
38.9 
+ 4651 + 41.3| 45 | 29.3] — 9:60) 
59.8 |. 
Se 5054 ee Fae 6.0 | 47.8 | — 12.0 ae 
61.1 
+ 1215} + 85.3] 60] 49.6 | — 11.590 
7 
52.6 
5 5 rh Wess "| 
+ 722) + 710) 7 | 34.3 | —13.3 
Sl Ls ae ies 


mean of the decrease obtained in the normal su 


jects (0.02>p>0.01). The magnitude of the 


crease in the A-HvOg difference was not correlat 


to the increase in the ESBF; however, peak val 
in both variables appeared at approximately 
same time and subsequent changes were paral 
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EableelV. (forts: 


ESOC Blood volume 


Pulse rate 


Amount 
| 20 % 
Change ee 
| ml/min | ml/min min orally 


& 7 

p2.3 72 

5 5 5 7 di 7 Zi 7 a 

62.0 sie OE) Seales | aia! O20 8 94 air ZAll Sip ChORS) 
se Zee 


fo get a rough estimate of the splanchnic oxy- . Glucose r esorption. 

consumption (ESOC) during the precollapse The glucose concentration of the arterial and 
se, the minimal A-HvOg difference was multip- hepatic vein blood rose rapidly after the glucose 
by its corresponding ESBF value. The mean administration during the precollapse phase. The 
hese products in five patients (Nos. 26 and 28 ten minutes’ increase in arterial blood glucose con- 
lauded) was 62.0 ml per minute, and the corres- centration was significantly higher than the cor- 
ding control mean was 52.3 ml per minute responding increase im the normal subjects pw 
erage increase: 14 per cent). 0.02) (Table III). In Fig. 3 the mean curve of the 
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normalsubjects is given together with the mean 
curve of four patients who were also studied after 
the pressure fall. It is seen that the increase was 
more rapid in the patients during the first 10 
minutes. Thereafter, the reverse relationship was 
present the 25-minute values being almost equal 
in both groups. 


DISCUSSION 


It has long been known that the dumping 
episode in the partially gastrectomized pa- 
tient is associated with vascomotor reactions 
of varying degrees. While considerable in- 
terest has been directed towards the observed 
changes in the total blood volume, no studies 
concerning splanchnic hemodynamics seem 
to have been reported. Since the vasomotor 
reactions in the dumping episode occur in 
close connection to the ingestion of a meal, 
it seemed conceivable that one of the primary 
reactions would be a change in the blood 
flow of the splanchnic area. 

In seven out of nine gastrectomized pa- 
tients ingestion of 500 ml 20 per cent glucose 
solution resulted in a circulatory collapse. 
This high incidence of circulatory collapse 
is a finding in contrast to the experience of 
other workers generally using a solution of 
100—150 ml of 50 per cent glucose. The 
reason for the different reaction can be that 
a larger volume of fluid and greater amount 
of glucose was given in these series and also 
that the present studies include the procedure 
of hepatic venous catheterization. 

A preliminary report on a part of the pre- 
sent results has been published earlier (Ca- 
stenfors, Eliasch & Hultman 1960B). In 
the present paper only patients reacting with 
circulatory collapse are presented. The re- 
maining two patients, showing essentially the 


same splanchnic circulatory response, will 
included in a subsequent paper (Castenfors) 
During the first 11—17 minutes after th 
glucose ingestion, the patients responde 
with a marked increase in the splanchni 
blood flow. The validity of the observed ir 
crease in the splanchnic blood flow may 
however, be questioned. The flow was es 
mated by the BSP method, which is a cleat 
ance procedure that renders mean values fe 
the period of determination. This means thi 
at rapid changes in blood flow, erroneot 
values may be encountered. This is show 
in Fig. 4, where the period of determinati 
included a part of the collapse state, leadi 
to a falsely low value. However, in most « 
the present studies this difficulty was dimin 
shed by using short clearance periods. 


The measurement of the splanchnic bloc 
flow necessitates determination of the arteri 
hepatic venous BSP difference and calcul 
tion of the splanchnic removal of the dy 
The arterio-hepatic venous difference ; 
measured directly by catheterization of #1 
hepatic vein. The splanchnic removal — 
BSP is estimated indirectly; at a consté 
arterial dye concentration this removal” 
assumed to be equal to the infused amou 
of dye. When the splanchnic blood flow 
subject to alteration, as in the present stu 
a change in the arterial concentration — 
BSP can appear. In this circumstance, 
splanchnic removal is not equal to the 
fused amount and must consequently be ¢ 
rected for the change in the amount of | 
contained in the extrasplanchnic vascu 
space. The validity of such corrections 
studied * Fi an earlier investigation (Cast 
fors, Eliasch & Hultman 1961) and it 
found that only small,errors in ESBF 
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countered, even in the face of large varia- 
ons in the peripheral concentration of dye. 
hese studies were made on resting subjects 
id it was thus assumed that the splanchnic 
ood flow as well as the extrasplanchnic 
ood volume were essentially unchanged. 

the extrasplanchnic plasma volume is 
langing this must be corrected for in the 
culation of the splanchnic removal of dye. 
1 the present study the changes in the ex- 
asplanchnic space were calculated from 
yserved changes in the hemoglobin conc. 


id hematocrit value. A possible redistribu-. 


on of the plasma volume (‘‘splanchnic pool- 
i”) could not be measured and, thus, not 
ken into account. In all patients the oral 
lucose ingestion resulted in an increased 
SP clearance together with a decreased 
yanchnic extraction ratio of dye. This can 
ardly be explained by anything but an in- 
‘eased splanchnic blood flow. Consequently 
ere can scarcely be any doubt that the 
Janchnic blood flow did increase in the 
<periments reported here. This concept is 
so supported by the finding of a concomi- 
mt decrease in the arterio-venous oxygen 
fference over the splanchnic area. 

The ingestion of glucose resulted in an in- 
‘ease of the blood glucose concentration. 
he hyperglycemia per se could not be the 
use of the increase in blood flow as it has 
cently been demonstrated (Hultman ef al. 
961) that a high blood glucose concentra- 
on, induced by intravenous injections of 
ypertonic glucose solutions, does not give 
ty significant change in either the splanch- 
ic blood flow or the splanchnic oxygen 
sumption. This is also supported by the 
ct that in the control studies on normal 
ibjects in the present investigations high 


blood glucose levels could be present with- 
out significant change in the splanchnic blood 
flow. 

In the gastrectomized patients the marked 
increase in the splanchnic blood flow ap- 
peared 11—17 minutes after the glucose 
ingestion (precollapse time). This increase 
in blood flow was significantly higher than 
that observed in the normal subjects during 
the same period of time. The rise in flow, 
associated with. a decrease in the blood 
volume, was parallelled by an immediate and 
sustained increase in the pulse rate, until 
circulatory collapse ensued. Available data 
do not permit any conclusions as to the cause 
of this marked circulatory reaction. How- 
ever, upright posture, decrease in vascular 
resistance, and reduction in blood volume 
must be factors of importance. 


SUMMARY 


1. The splanchnic blood flow, the splanch- 
nic arterio-venous oxygen and glucose differ- 
ence, as well as changes in the total blood 
volume were repeatedly measured in seven 
normal subjects and seven partially gast- 
rectomized patients. 


2. The subjects and the patients were 
studied in the sitting position. Values were 
obtained at rest and following the oral inges- 
tion of 500 ml of a 20 per cent glucose 
solution. 


3. The glucose administration caused no 
untoward. effects in the normal subjects. All 
patients reacted with a fall in blood pressure 
and subsequent syncope. 


4, A marked increase in the splanchnic 
blood flow and a moderate decrease in the 
total blood volume was observed in the pa- 
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tients, while the corresponding changes in the 
normals were small and inconsistent. 

5. The validity of the observed increase 
in the splanchnic blood flow is discussed. 
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Barr & Bertram (1949) made the sensa- 
mal discovery that female intermitotic cells 
ntained sex chromatin bodies. Simple and 
jable methods for determining the genetic 
x from the chromatin bodies have been 
veloped (Moore & Barr 1955, Klinger & 
idwig 1957). The determination of the sex 
romatin from oral mucosa cells is a wide- 
read and reliable method. 

The discovery of Davidson & Smith 
954) that granulocytes from peripheral 
yod can be used to determine the sex 
romatin provided a simple way of checking 
> result obtained with oral mucosa cells. 
ie leukocyte technique, which has been 
stematically worked out by Kosenow & 
upin (1956), seems to be considered the 
thod of choice by some workers, e.g. 
iedemann (1959). Among workers dealing 
th human chromosomes and syndromes of 
aadal dysgenesis, the method is widely 
sd, e. g. by Jacobs, Harnden, Court Brown, 
Idstein & Close (1960), Nowakowski, 
nz, Bergman & Reitalu (1960) and Hun- 
ford, Donnelly, Nowell & Beck (1960). 
[fn order to determine the sex chromatin 
this method, ordinary blood smears are 
ined with the usual May-Gruenwald- 


1960) 


Giemsa stain and the granulocytes are then 
examined for the presence of so-called drum- 
sticks, 7.e. small round or oval shafted 
nuclear appendages. If six granulocytes with 
drumsticks are found, the sex chromatin is 
considered to be female and the counting 
can cease. In normal females and in patients 
with chromatin-positive Klinefelter’s syn- 
drome, six cells with drumsticks are usually 
found among 100—500 granulocytes ex- 
amined. 

If no drumsticks are found, the sex chro- 
matin is considered male. Some workers, 
e.g. Kosenow & Scupin (1956) claim that 
one or two cells containing drumsticks can 
be found in normal males, whereas others, 
e.g. Wiedemann (1958) assert that even 
one drumstick strongly suggests that the sex 
chromatin is female. It is agreed that in cases 
in which no drumsticks are found, 500 granu- 
locytes must be inspected to ensure the diag- 
nosis of male sex chromatin. Some workers 
(Weidemann 1960, Maclean 1960) often 
count considerably more cells. However it is 
evident that in some patients a large number 
of cells have to be inspected in order to en- 
sure a reliable result. 

The number of granulocytes in an ordi- 
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nary blood smear varies a great deal. The 
white cell count and the incidence of different 
kinds of leukocytes is one variable. Another 
factor, which may be more important in 
dealing with healthy subjects, is the tech- 
nique used in making the smears. Thick 
smears contain more cells than do thin ones. 
In the author’s experience certain slides do 
not contain more than 200—400 granulo- 
cytes, whereas others may contain more than 
1000. The leukocytes are usually spread uni- 
formly over the whole slide, a higher con- 
centration only being found along the edges 
of the film. However, these leukocytes along 
the edges are often damaged and cannot be 
used in the search for drumsticks. 


Thus, the finding and inspection of a large 
number of granulocytes is a laborious task. 
As the cells have to be studied under a high- 
power oil-immersion lens, the search is slow 
and tiring for the eyes. The average time 
required for a reliable determination of the 
sex chromatin in normal males and in pa- 
tients with a male chromatin pattern is about 
15—60 minutes when ordinary blood smears 
are used. In routine work this time must be 
considered far too long. The use of a con- 
centrated suspension of leukocytes for 
making smears considerably facilitates this 
work, 


Several good: methods-for-making concen- 
trated leukocyte suspensions are in use 
(Klima 1949, Klima, Beyreder & Herzog 
1956, Nordquist, Ryttinger & Ljunggren 
1960, Spriggs & Alexander 1960). All these 
methods, which include either some hours’ 
standing or the formation of a buffy coat 
seem to damage the fine structure of the 
granulocytes. As drumsticks in the polymor- 
phonuclear cells are difficult to distinguish 
from other nuclear appendages even in good 
whole-blood smears, it is desirable to find a 
method that damages the cells as little as 
possible. The technique described in this 
paper has been developed to make concen- 
trated leukocyte smear preparations to be 
used for determining the sex chromatin. 
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THE TECHNIQUE 


Approximately 4 ml of venous blood is wit 
drawn into a centrifuge tube containing citrai 
Immediately afterwards, 0.2 ml of Bacto-Phyt 
hemagglutinin (Difco Laboratories) is added ai 
mixed in by shaking. The tube is placed ing 
cold water and allowed to cool for 20 minutes. T 
tube is then centrifuged at about 500 r.p.m. for 2 
minutes at + 4° C. After this, most of the r 
cells will have spun down. Above the red ce 
there is a layer of plasma containing the "a 


ae 


of the white cells originally present. The plast 
layer is carefully aspirated off and poured into 
small centrifuge tube and.centrifuged at 700 rp. 
for 6 minutes at room temperature. This causes 
white cells and the remaining erythrocytes 

sediment forming together a small reddish pel 
on the bottom of the tube. The supernatant liq 

is again sucked off, leaving behind only one drop 
which the cells are resuspended by flicking the tul 
A drop of this thick suspension is then pipetted o1 
a slide and an ordinary smear is made. The sme 
is dried and stained in the usual way by the M:z 
Gruenwald-Giemsa method. ; 


COMMENTS 4 


The amount of blood need not be consta 
Any amount exceeding 2 ml will do. F 
practical reasons, less than 2 ml is ince 
venient, as the amount of plasma is then I 
than 1 ml, and thus pipetting becomes me 
tricky. The time required for the red cells 
sediment varies from one patient to anoth 
The tube should be inspected at least or 
after 2 minutes of centrifugation. If the e 
trifugation is too prolonged, the white cé 
are lost in the mass of red cells or form 
buffy layer on the top of the red cells. S 
granulocytes are not quite suitable ford 
detection of drumsticks. Pipetting should 
carried out carefully when the leuko 
plasma suspension is being separated f 
the red cell mass. If this is done too rapi 
many red cells will be drawn into the pif 
and the proportion of red cells on the ; 
slide will be unnecessarily increased. 
whole procedure takes about 70 mint 
Several specimens can, of course, be han 
at one time. If the blood samples are left 
stand for a short time before being fi 
tionated, this will do no harm, but | 
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A SIMPLE TECHNIQUE FOR CONCENTRATING GRANULOCYTES 


. 1, Leukocytes in a smear preparation from a 
centrated leukocyte suspension. May-Gruenwald- 
Giemsa stain. X 750. 


iod of time over one hour will damage 
- granulocytes. 

Slides made by this technique contain 
usands of leukocytes. The cells are 
ally well and uniformly spread out, espe- 
lly if the smear is thin. When a high- 
ver oil-immersion lens is used, usually 
20 leukocytes are seen in every field. 
) leukocytes can easily be inspected in 
5 minutes. Figs. 1 and 2 show some 
ical views. 

\s far as the author is aware, no workers 
ling with sex chromatin have published 
1ethod similar to the one described. Mac- 
a (1960) uses a method that gives about 
same result in the end, but with a differ- 
technique. The present method consider- 
y facilitates the search for drumsticks in 
nulocytes and the quality of the cells is 
d. The technique, including two stages of 
trifugation, is of course much more labo- 
1s than an ordinary blood smear prepara- 
1. Samples cannot be sent long distances 
ause of the harmful effect of standing on 
cells. Therefore, the method is suitable 
y for laboratories in which numerous de- 
ninations of sex chromatin are made. 


EVA 


SUMMARY 


This paper deals with the determination 
of sex chromatin by the hematomorpho- 
logical method. The advantages and dis- 
advantages of using ordinary blood smear 
preparations are discussed. 

The method described provides slides that 
contain a large number of leukocytes. The 
morphological quality of the cells is good. 
This greatly facilitates the search for and 
examination of polymorphonuclear leuko- 
cytes for the determination of drumsticks. It 
thus reduces the time required for a proper 
diagnosis of sex chromatin. 
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mM OOLUTION FOR TESTING 


THEY CLEANESS OF 


BLOOD PirPetl ts 


By J. LEHMANN 
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The validity of most analyses depends to 
reat extent on the accuracy of the volume 
asured of the sample to be analyzed. 
ring the last decade, micro- and _ ultra- 
ro analyses have gained ground in clinical 
mistry. Beside the calibration of the 
ropipettes and the pipetting technique 
d, the cleanness of the pipettes is a deter- 
ung factor for the accuracy. When using 
ter instead of saline as a rinsing solution 
sr emptying a blood pipette, deposits of 
teins and other biological material occur 
ularly on the inside of the pipette after 
ae use. These deposits are not visible to 
naked eye. The following solution will 
nediately color such deposits with a 
xht red color: 


chsin (basic) 20 g 
r. conc. (approx. 91 per cent v/v) 180g 
(or c:a 220 ml) 


Phe technique for controlling the clean- 
s of the pipettes with this solution is as 
ows: A rubber tube is attached to the 
ette and the pipette is filled with the solu- 


_ tion by suction. The solution is blown out 


and the pipette rinsed several times (5—10) 
with water. The pipette can also be attached 
to a water suction pump and a little of the 
solution drawn through the pipette. After 
half a minute the pipette is rinsed with water 
by dipping the tip of the pipette several times 
in water. Any color on the outside of the 
pipette is wiped of with cotton or filter paper. 
If the pipette is clean, no color will be seen 
on the inside, if not a red color will show 
the position of the deposits. After rinsing 
with a convenient rinsing solution the test 
should be repeated. 

Experience has shown that even several 
washings with hot bichromate-sulphuric acid 
will not always clean up a dirty pipette. It 
should be mentioned that similar deposits 
will be found in glass electrodes rinsed with 
distilled water, and that the accuracy of the 
electrodes can be impaired by these deposits 
— often demonstrated by the difficulty in 
getting stable pH-values. The electrodes are 
best cleaned with a 0.1 per cent solution of 
pepsin in 0.01 n hydrochloric acid. 


S29 
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SIMPLE SYNBRES! 


FIBRINOGEN ASSAY 


The method for determination of plasma 
fibrinogen, described by Jacobsson (1955), 
gives reliable results. However, the syne- 
resis procedure included in the method is a 
delicate and time-consuming operation. Here, 
a simple syneresis procedure is described. 

The diluted plasma sample is clotted with 
thrombin in an ordinary test tube (internal 
diameter 13 mm). The final volume of the 
clotting mixture is 1.6 ml. After incubation 
for one hour at room temperature, the clot 
is carefully poured on a cloth and allowed to 
compact under its own weight. The cloth 
has been moistened with saline, and is placed 
on several layers of coarse filter paper. When 
the volume of the clot is reduced to about 
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S PROCEDURE ai 
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1/2 of its original size, a glass slide (25 
7.5 cm) is pressed firmly against it. A th 
fibrin film which adheres to the glass st 
face is formed, and the slide is then trat 
ferred to a beaker with saline. The clot 
readily loosened by moving the slide up a 
down in the saline, and the clot is thorougl 
washed. Finally, the fibrin film is wound 
a small spatula, and excess fluid is remoy 
by pressing it against a dry cloth. The 
is then dissolved and its protein conte 
determined as described by Jacobsson. — 


eel 
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PuOSPHOTUNGSTICCACID AS 


PRECIPITATING AGENT IN 


DHE: DETERMINATION OF 


Sevier Leib PROTEIN BY THE LOWRY MEIHOD 


i a previous communication (Svensmark 
38) it was shown that a fixed correction 
ue for color-producing non-protein sub- 
neces (Daughaday, Lowry, Rosebrough 
Fields 1952) gives rise to considerable . 
or in the determination of spinal fluid 
tein. The correction values varied from 
nple to sample, probably due to varying 
itents of drugs, and it was recommended 
t the protein determination be corrected 
the color produced by a deproteinized 
juot of the sample. Daughaday ef al. 
52) used trichloracetic acid as precipita- 
g agent and in the modification reported 
viously (Svensmark 1958) perchloric 
d was used. Both have the disadvantage 
t certain glycoproteins (mucoproteins) 
not precipitated resulting in too low pro- 
1 values. A more complete precipitation 
s obtained with phosphotungstic acid: 
Fifty wl of 9 per cent phosphotungstic acid 
2 N HCl were added to 0.5 ml of the 
nal fluid sample in a centrifuge tube 
x 50 mm), After careful mixing the tube 
s allowed to stand for 1 hour before cen- 
ugation for 15 minutes at about 6,000 g. 
the supernatant, two samples of 0.2 ml 
re taken for analysis which was per- 
med as described previously. 

The protein content of 51 spinal fluid 
aples was determined and corrected for 
‘color obtained from aliquots deprote- 
zed with perchloric acid and phospho- 
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tungstic acid respectively. With perchloric 
acid the average spinal fluid protein was 0.33 
+ 0.02 mg/ml (range: 0.06—1.03) and with 
phosphotungstic acid 0.38 + 0.02 mg/ml 
(range: 0.10—1.10). The difference of 13 
per cent of the total protein corresponds to 
the finding of 15 per cent perchloric acid 
soluble mucoprotein in spinal fluid (Bauer 
£957). 

The necessity of correcting the protein 
determination for color-producing non-pro- 
tein substances was emphasized by the 
finding of Zondag & van Boetzelaer (1960) 
that several drugs (sulfonamide compounds, 
antibiotics and especially salicylic acids) pro- 
duced large errors in the Lowry method 
when the extinction produced by the depro- 
teinized sample was neglected. 
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THE RECOVERY OF THROMBIN FROM PLASMA 


Sternberger and coworkers (1951, 1952, 
1956) reported that small amounts of throm- 
bin could be recovered from normal plasma. 
Larger amounts were recovered from the 
plasma of patients with postoperative com- 
plications and of rabbits with experimental 
thrombosis. They suggested that thrombin is 
continually formed by in vivo coagulation in 
normal individuals, and that the formation 
is increased in patients with thrombosis. 
Some of the thrombin is adsorbed to fibrin, 
and some is neutralized through the forma- 
tion of an inactive complex with anti-throm- 
bin. They apparently recovered the thrombin 
from this complex. 

These findings, if confirmed, are extremely 
important. First, the presence of thrombin in 
normal plasma would indicate that a slow 
continuous coagulation takes place in the 
circulation of normal individuals. Still far 
from proved, such a hypothesis is frequently 
suggested, and several authors list Stern- 
berger’s findings as evidence (Copley 1954, 
Roos 1957, Lasch, Mechelke & Nusser 
1957). Second, the presence of increased 
amounts of thrombin in conditions which 
predispose to thrombosis may suggest that 
thrombin plays an important role in the early 
phase of thrombus formation, and also that 
Sternberger’s test might disclose candidates 
for thrombosis. 

In reviewing the arguments in favor of 
continuous in vivo coagulation, we were 
forced to take a stand for, or against Stern- 
berger’s claims. We are not aware of any 
attempts to confirm the findings. Therefore, 
we repeated the key experiments. 

Sternberger (1952) used the following 
technique. Citrated plasma is diluted with an 
equal of saline, and the pH is adjusted to 
11.3 with sodium hydroxide, all at a tempe- 


nee 


rature of 1° C. This supposedly dissociat 
the thrombin-antithrombin complex. Aft 
two minutes, an equal volume of 50 per cé 
ethanol is added to prevent reassociation 
the components, and the pH is returned ™ 
7.2 with hydrochloric acid. The resultit 
suspension of precipitated proteins, still” 
25 per cent ethanol, is tested for thromb 
activity on a substrate of oxalated plasma 
fibrinogen. Fibrinogen is unable to form ; 
ordinary clot at this concentration of ethat 
(final concentration 12.5 per cent), but 1 
appearance of granules was taken to indica 
clotting. The “clotting time” or the “gramt 
appearance time” was therefore used 
measure the recovered thrombin. 

Following this technique, we prepat 
suspensions from normal plasma which pi 
duced a granular precipitate when mix 
with human plasma or bovine fibrinogen 
18° C. However, the granulation did — 
form in plasma at 37° C; in fact, the gre 
ulation which had formed at 18°C 4d 
appeared at 37° C. Therefore, the endpot 
1.e. the “clotting time’, could have be 
fibrinogen precipitated by ethanol in thet 
material, and not fibrin clotted by throm 
To settle this problem, we centrifuged 
last mixture after the granulation had f 
med. The sediment dissolved rapidly in sal 
at 18° C, and clotted solidly after additior 
thrombin. The supernatant was nearly 1 
of fibrinogen. We also found that a mixt 
of equal parts of 50 per cent ethanol : 
citrated saline produced a granular f 
cipitate when added to the substrate, 
though it took somewhat longer to form 
was not as coarse. : 

The suspension prepared from pla 
contains fibrinogen which has been com 
tely precipitated by the ethanol. Fibrin ¢ 


THE RECOVERY OF THROMBIN FROM PLASMA 


533 


clumps should nevertheless occur if the 
spension also contained free of recovered 
rombin. However, clots were not observed; 
fact which suggests that it may not contain 
rombin. As a further test, we added an 
ual volume of commercial bovine thrombin 
‘opostasine, Hoffmann-La Roche, Switzer- 
nd) diluted in saline. This resulted in the 
rmation of coarse fibrin clumps which were 
Yt soluble at 37° C and differed markedly 
om the fine granular precipitate described 
ove. With as little as 0.3 NIH units per 
| thrombin solution, this change, which we 
lieve is due to coagulation, occurred in 60 
conds. Similar results were obtained with 


ine thrombin in 25 per cent ethanol and 


ith human thrombin prepared by Stern- 
rger’s method (1948). This observation 
nfirms that the suspension did not contain 
rombin. 

Sternberger & Maltaner (1951) added 
rombin prepared by Sternberger’s method 
948) to serum, waited for complete in- 
tivation, and then recovered the thrombin 
lantitatively by the method describer. The 
rombin was measured by the “granule 
pearance time”.- We have repeated this ex- 
sriment many times, and have always failed 
, recover any thrombin which could pro- 
ice the coarse, irreversible fibrin clumps of 
‘dinary thrombin. 

From these observations we must reject 
fernberger’s claim that normal plasma con- 
ins thrombin which can be recovered by 
is method. We believe that his assay is 
ispecific, and that granulation of the sub- 
rate is caused by ethanol precipitation of 
brinogen. It therefore does not measure 
rombin. 

Reich & Sternberger (1956) found that 
ore thrombin could be recovered from the 
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plasma of patients with postoperative com- 
plications than from normal individuals. 
Since we have failed to demonstrate any 
thrombin in normal plasma, we have not 
repeated this work. Their patients also had 
high concentrations of fibrinogen which may 
have influenced the assay. Thus, we found 
that granulation occurred more rapidly if we 
added “thrombin” recovered from plasma 
than that from the same patient’s serum. We 
therefore believe that the assay is influenced 
by unspecific effects of slightly denatured 
proteins, especially fibrinogen. 

Our experiments do not rule the possibi- 
lity that plasma may contain thrombin, nor 
that continuous im vivo coagulation may be 
a normal phenomenon. However, if our ob- 
servations and conclusions are correct, Stern- 
berger’s observations should no longer be 
used as evidence in favour of the occurrence 
of thrombin in normal plasma. 
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